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Preface

International Conference on Computational Thinking and STEM Education in the Era of Al (CTE-
STEM 2025) is the ninth international conference, continuing from the success of the previous eight
international Computational Thinking conferences. CTE-STEM 2025 is organized by The Education
University of Hong Kong (EdUHK) and co-organized by Southern University of Science and

Technology (SUSTech).

CTE-STEM 2025 is held on 18-20 June 2025. Days 1 and 2 of the conference are held at EQUHK’s
Tai Po Campus, while Day 3 is held at SUSTech’s Campus in Shenzhen. The conference is the most
remarkable event of the Programme for worldwide sharing of ideas as well as dissemination of
findings and outcomes on the implementation of computational thinking and STEM education

development.

The conference this year includes keynote speeches, a teacher forum and paper presentations. The
Teacher Forum is held on the first day of the conference. The purpose of the Forum is to set a stage
for K-12 teachers worldwide to share best practices and key challenges of implementing
Computational Thinking Education (CTE) in different countries/ regions, and ultimately to facilitate
CTE going global and increase involvement of K-12 teachers in the knowledge and experience

exchange process.
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The conference received a total of 47 submissions (13 full papers, 15 short papers and 19 poster

papers) by 104 authors from 14 countries/regions (see Table 1).

Table 1: Distribution of Paper Submissions for CTE-STEM 2025

Country / Region No. of Authors Country / Region No. of Authors
Hong Kong SAR 42 Singapore 3
Taiwan 23 Spain 3
China 8 Israel 2
United States 8 Lithuania 1
Japan 4 Malaysia 1
Peru 4 Sweden 1
India 3 The Netherlands 1
Total 104

The International Programme Committee (IPC) is formed by 70 Members and 3 Co-chairs worldwide.
Each paper with author identification anonymous was reviewed by at least three IPC Members.
Related sub-theme Chairs then conducted meta-reviews and made recommendation on the acceptance
of papers based on IPC Members’ reviews. With the comprehensive review process, 41 accepted
papers are presented (13 full papers, 14 short papers and 14 poster papers) (see Table 2) at the

conference.

Table 2: Paper Presented at CTE-STEM 2025

Sub-themes Full | Short Poster Total
Paper | Paper Paper
- Computational Thinking and Unplugged Activities in K-12 0 0 0 0
- Computational Thinking and Coding Education in K-12 0 1 0 1
- Computational Thinking and Subject Learning and Teaching in 0 2 0 2
K-12
- Computational Thinking and Teacher Development 2 2 0 4
- Computational Thinking and 10T 0 0 0 0
- Computational Thinking Development in Higher Education 0 0 1 1
- Computational Thinking and STEM/STEAM Education 1 1 0 2
- Computational Thinking and Non-formal Learning 0 1 0 1
- Computational Thinking and Psychological Studies 0 1 0 1
- Computational Thinking and Special Education Needs 1 0 0 1
- Computational Thinking in Educational Policy 0 1 0 1




- General Submission to Computational Thinking Education

- Computational Thinking and Evaluation

- Computational Thinking and Data Science

- Computational Thinking and Artificial Intelligence Education

- Computational Thinking and its Key Elements
- Computational Thinking as Method
- STEM and Interdisciplinary Integration
- Open-Source Software and Hardware for CT and STEM
Education
- Teacher Forum 1 0 10 11
Total 13 | 14 14 41 |

Rk |olojlw|lolo|lw
ol |lo|lrRr|FR|R|FR|O
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The conference comprises keynote and invited speeches by internationally renowned scholars; a

teacher forum, as well as academic and poster paper presentations.

Academic and Poster Paper Presentations

There are 10 sessions of academic and poster paper presentations with 30 papers (12 full papers, 14
short papers and 4 poster papers) in the conference. Worldwide scholars present and exchange the
latest research ideas and findings, which highlight the importance and pathways of computational
thinking education covering K-12 education, artificial intelligence education, teacher development

and STEM/STEAM education, etc.

Teacher Forum

There are 2 sessions of teacher forum paper presentations with 11 papers (1 full paper, 10 poster
papers) in the conference. K-12 teachers share best practices and key challenges of implementing

CTE in their countries/regions.

On behalf of the Conference Organizing Committee, we would like to express our gratitude towards

all speakers as well as paper presenters for their contribution to the success of CTE-STEM 2025.

We sincerely hope everyone enjoys and gets inspired from CTE-STEM 2025.
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A Preliminary Approach to Quantitative Evaluation of Modified Problem-

Posing for Problem Structure Understanding in Computational Thinking

Masanori FUKUIY", Ryohei MIRADERA?, Yuji SASAKI®, Tsukasa HIRASHIMA*
lwate Prefectural University, Japan
2Keimei Gakuin Senior High School, Japan
34Hiroshima University, Japan
fukui_m@iwate-pu.ac.jp, runnerskg@gmail.com, y.sasaki@keio.jp, tsukasa@Iel.hiroshima-u.ac.jp

Abstract: Understanding and quantitatively assessing problem structure is a key challenge in computational thinking (CT)
education. This study proposes and preliminarily examines “modified problem-posing” as a means to transform and
quantify how learners adapt an existing problem—here, the Collatz conjecture—to deepen structural understanding. We
tested 21 high school and 37 university students. Results showed that high school students tended to focus on a single
category change, while university students often changed multiple categories simultaneously. These findings illustrate
differences in complexity and indicate that a deeper, quantitative analysis of problem transformations is feasible. This
work offers new possibilities for systematically evaluating problem-posing activities, contributing to more effective CT-

oriented instruction.

Keywords: Problem-posing, Understanding of the problem structure, Computational thinking, Classroom, Quantitative

Evaluation

1. Introduction

In the 21st century, computational thinking (CT) is increasingly recognized as a core problem-solving skill alongside
creativity (Wing, 2006). CT is the process of organizing and expressing problems in a form that computers can solve
(Wing, 2006). In addition, this also involves dividing the problems and solving them. CT involves formulating problems
so that computers (or algorithmic processes) can address them, encompassing decomposition, abstraction, and identifying
commonalities. This emphasis on problem structure has been noted as crucial for effective learning and problem solving
(Lee etal., 2016). It is essential to conduct further research on CT development and increase the CT of subjects, as CT is
a problem-solving skill using computer technology, including Al (Wing, 2006). To improve problem-solving skills using
Al and other technologies, it is important not only to promote education to improve problem-solving skills, which has
been conducted thus far, but also to improve the ability to understand problem structures and consider how to solve
problems in future education.

The authors proposed “modified problem posing” to improve problem structure comprehension skills as a framework
for enhancing problem structure comprehension skills based on CT. (Fukui, 2024). Modified problem-posing is a method
based on learning to create problems by oneself. It is a framework for promoting problem structure understanding by
transforming a given problem. This framework is an important basic skill for CT and creativity; modified problem-posing
aims to develop the skills needed in future society (Fukui & Sasaki, 2022). The framework is useful not only for
developing the ability to create problems but also for problem-solving and shows examples of applying modified problem-
posing to programming and mathematics education (Fukui & Kuroda et al., 2024; Fukui & Sasaki, 2022). In the future,
examining their usefulness in practice and relevance to creativity and CT will be necessary. However, only a simplified

method for evaluating modified problem-posing has been proposed; an evaluation has not yet been conducted.
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The purpose of this study is to examine evaluation methods for modified problem presentation, which has been
proposed as a way to improve problem structure understanding. We conducted a pilot study with high school and
university students and present a method for systematically tabulating the number and combinations of transformations.
We also discuss the possibility of enabling more quantitative evaluation of problem structure understanding, which has
not been rigorously pursued in previous studies.

2. Research Design

2.1. About Modified Problem-posing

Understanding problem structure is expected to improve problem solving and basic creativity skills (Hunter et al.,
2008). Problem-posing learning is a type of learning that improves understanding of problem structure. Problem-posing
learning involves creating problems by oneself (Mishra, 2014). It is useful for improving creative thinking, critical
thinking, learning motivation (Kaur & Rosli, 2021), and understanding the problem structure (Silver, 1994). Learning
support systems that use written arithmetic problems as subjects for problem-posing have also been developed (Hirashima
et al., 2007), and their usefulness has been widely acknowledged.

However, it is easy to imagine that some students can create many problems while others cannot when engaged in
problem-posing. It has also been pointed out that questions/problems created by students who have never created
questions before lack diversity and that more diversity is needed (Mestre, 2002). Therefore, it is important to consider
improving learners’ understanding of the problem structure by learning composition questions and problem-posing.

To solve this problem, the author proposed a modified problem-posing method enabling novice learners to create
their problems. Modified problem-posing is an activity that creates new problems by transforming and improving a given
problem. It is a framework that promotes an understanding of the problem structure and enhances the basic skills of
creativity (Fukui et al., 2019). Modified problem-posing encourages learners to transform a given problem systematically.
By tracking which elements are changed, we can quantify the scope and complexity of each learner’s transformations.
This potentially yields new insights into how deeply learners grasp a problem’s structure (Polya, 1990; Fukui & Sasaki,
2022). Besides, modified problem posing is related to CT (Fukui & Sasaki, 2022). The relationship between modified
problem-posing and CT is presented in Table 1.

Table 1. Relationship between computational thinking and modified problem-posing (Fukui and Sasaki, 2022)

Concepts of computational thinking | Examples of activity

Decomposition Find the changeable part of the problem

Generalization Find common point for changeable parts of the problem
Abstraction Find common point that can be used in other problems
Algorithmic thinking Accurately represent the flow of the problem

2.2. Example of The Materials in Modified Problem-posing

In this study, the Collatz problem is used as the subject of the modified problem-posing. We used the Collatz
conjecture as our target problem (3n+1 problem). It starts with a natural number n, dividing by 2 if even, and multiplying
by 3 then adding 1 if odd, repeating until reaching 1. Figure 1 shows the flowchart (Fukui & Sasaki, 2022). It can be
broken into six categories (I, D, Op, T, R & P). We instructed participants to alter one or more categories (e.g., branching
conditions, operations, terminal conditions), either singly or in combination. Examples of transformations are shown in

Table 2. For example, you could change “the given natural number n” to a natural number n with a range, change it to a
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real number r, or change the part “if it’s even, do process A, if it’s odd, do process B” to a branch that does something

other than even or odd, or change processes A and B. It is also possible to combine these in complex ways.

? Table 2. Definition of categories

1 (s Natural Bumber, 0> 0) Name of Category | Meaning
<l>.7 | Initial condition

@#é | D Decision condition
s <l>[ “eeiat Op Operation/calculation
| T Terminal
DMTM e Repeat times

<l> P The number of Players
o— |

Figure 1. The Flowchart of Collatz Conjecture
(Fukui & Sasaki, 2022)

Table 3. Examples of modifications

Focus point Changing part Example of variants

Value n in natural number Initial condition To restrict the range of n
Change n to a real number

Branching by even or odd numbers Decision condition Branching by multiples of three or other

Processing part after branching, divide n by two, | Operation/calculation | Processing part after branching, divide n

or triple n and add one by three, or double n
End of play if it reaches 1 Terminal condition End of play if it reachesn (n # 1)
Repeat until finished Repeat condition Repeat three times

3. Research Method

3.1. Survey Targets and Survey Procedure

In September 2018, 21 senior high school students (private school) and 37 second-year university students (majored
in information science) were taught the Collatz conjecture, then asked to create variants within 15 minutes. The percentage
of valid responses was 100%. Participation was voluntary, and responses were anonymized.

3.2. Survey Item

Students were presented the Collatz conjecture and asked to create as many variants as possible. They could
optionally invalidate the problem. We aimed to observe how categories changed.

3.3. Analysis Procedure

We classified each variant by which categories were changed (Table 2), then compared high school vs. university
students. For learners who created multiple variant problems, the number of categories modified, and the number of

categories adopted were used. Sample size was small, so detailed sub-analyses are limited.

4. Results and Discussions

The differences between the original questions and the revised questions were evaluated and classified based on the

results of the experiment. The results are shown in Table 4. As a result, university students were most likely to change
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two categories, followed by three. High school students were most likely to change one category, followed by two. No
high school students changed four or six categories.

In addition, changing only one category accounted for 29.3% of the total, and this was particularly common among
high school students. Changing two categories accounted for 32.8% of the total, and this trend was also seen among
university students and high school students. Changing three categories accounted for 19.0% of the total, and this was
particularly common among university students. The tendency to change the number of categories to 4 or 6 was only seen
in university students. The tendency to change the number of categories to 5 was seen in 8.6% of all cases, and this was
seen almost equally in university students and high school students.

While university students tended to change multiple categories or multiple parts of the problem, high school students
were most likely to change one category and least likely to change multiple categories. In particular, there was a difference
between high school students and university students when changing 3 or more categories.

Table 4. Results of modifications Table 5. Results of modifications
Number of Total University High Category Total University High
Categories | (n=58) (n=37) School (n =58) (n=137) School
(n=21) (n=21)
1 17(29.3%) | 7(18.9%) | 10(47.6%) Op 17(29.3%) | 7(18.9%) | 10(47.6%)
2 19(32.8%) | 11(29.7%) | 8(38.1%) C,0p 15(25.9%) | 8(21.6%) | 7(33.3%)
3 11(19.0%) | 10(27.0%) | 1(4.8%) Op,T 4(6.9%) 3(8.1%) 1(4.8%)
4 5(8.6%) | 5(13.5%) | 0(0.0%) C,0p,l 2(3.4%) 1(2.7%) 1(4.8%)
5 5(8.6%) 3(8.1%) 2(9.5%) C,0p,T 2(3.4%) 2(5.4%) 0(0.0%)
6 1(1.7%) 1(2.7%) 0(0.0%) Op,I,T 2(3.4%) 2(5.4%) 0(0.0%)
I,P,T 4(6.9%) | 4(10.8%) | 0(0.0%)
PRT 1(1.7%) | 1(2.7%) | 0(0.0%)
C,0p,1,P 1(1.7%) 1(2.7%) 0(0.0%)
Op,I,P,T 2(3.4%) 2(5.4%) 0(0.0%)
OpP.RT 2(3.4%) 2(5.4%) 0(0.0%)
C,1,0p,P,T 2(3.4%) 2(5.4%) 0(0.0%)
C,1,0p,P.R 1(1.7%) 0(0.0%) 1(4.8%)
C,0p,P.R,T 1(1.7%) 0(0.0%) 1(4.8%)
1,0p,P,.R,T 1(1.7%) 1(2.7%) 0(0.0%)
CI,0p,P,R,T 1(1.7%) 1(2.7%) 0(0.0%)

Table 5 shows the results for each category that was changed or improved. For example, C+Op indicates that both C
and Op were corrected at the same time. Op was the most common category to be changed, especially among high school
students. C+Op was the most common category to be changed for multiple categories, and only C+Op and Op+T were
seen among high school students.

One difference between university students and high school students is that high school students tend to change one
category at a time, whereas university students tend to change two or three categories at the same time. This is thought to
be because university students are used to solving complex problems and are not averse to changing multiple elements at
the same time. Ogilvie (2009) points out that when faced with complex open-ended tasks such as solving physics problems,
university students tend to adopt a wider range of more considered strategies. Furthermore, the motivation for complex
changes among university students may come from academic fields that require the integration of various knowledge
domains and application in practical contexts.
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Furthermore, high school students tended to make the most frequent changes in one category, particularly in the
manipulation (Op) category. This may be since high school students prefer simpler problem-solving strategies and tend
to focus on changes in one category. Wistenberg et al. (2014) point out that high school students tend to rely on single-
step solutions and have difficulty tackling complex, multi-layered problems. This may be related to the transformation of
problem-solving. In addition, university students are highly motivated to solve complex problems and tend to tackle more
multifaceted tasks (Balta et al, 2016). This indicates that the frequency of multi-category changes might reflect a more
complex or holistic approach to problem structure. Moreover, the presence or absence of certain combinations (e.g.,
C+Op+T) might offer a quantifiable metric for deeper structural engagement. Future research could exploit these
combination patterns as an index of problem-structure comprehension—an approach not yet extensively explored in
existing problem-posing literature.

5. Conclusion

This study proposed a preliminary evaluation method for modified problem-posing using the Collatz conjecture. Our
findings reveal that high school students mainly changed a single category, while university students altered multiple
categories simultaneously. These differences potentially arise from educational background and motivation.

Importantly, we have also shown that by categorizing and counting each transformation (e.g., Op, C+Op, Op+T, etc.),
there is potential for a quantitative measure of how deeply learners engage with the problem’s structure. Such a
quantitative approach to problem transformation is relatively unexplored, opening avenues for deeper analysis of CT skill
development.

However, limitations remain regarding sample size and the lack of direct motivation measures. As we advance,
larger-scale experiments and more detailed correlation with external measures (e.g., problem-solving ability, creativity)
will be crucial. Nonetheless, we believe that modified problem-posing, combined with a structured evaluation framework,
can serve as an innovative method to both teach and assess CT-based problem comprehension in ways previous research
has rarely accomplished. Furthermore, some participants created multiple variants of the problem. For instance, they
might have changed only the C category in their first version, then changed both C and Op in the second, and later changed
C and D in the third. Because multiple submissions came from the same individual, additional caution is needed when
interpreting these results. In future research, more careful analysis of multiple variants per participant will be necessary
to accurately capture the complexity of their modifications.

Furthermore, this study did not directly measure the participants’ motivation and interest in problem transformation;
thus, assessing their influence on the results was impossible. Therefore, collecting data on the participants’ motivations
and interests in future research is important. Since there are various patterns of change in each category, these patterns
need to be analyzed in detail to clarify the difficulty of the transformations and improvements. Considering the above
limitations, future research should be conducted on a larger scale and in greater detail to collect more accurate data for
designing educational programs. It is also necessary to develop educational programs based on previous studies focusing
on the relationship between CT and external measures (Fukui, Sasaki & Hirashima, 2022; Fukui, Xiang et al, 2024).

These issues need to be addressed in future studies.
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Abstract: Digital learning partners are an essential auxiliary tool in modern digital learning, enhancing learners’
efficiency and self-directed learning abilities. This study aims to explore the application of digital learning partners (such
as the Adaptive Learning Platform) in an Introduction to Digital Technology course. By integrating digital teaching
materials and designing learning activities, the study seeks to improve students' learning outcomes. The research focuses
on incorporating four types of self-directed learning methods into the course: individual self-learning (self-regulation),
teacher-guided learning (external regulation), collaborative learning within groups (co-regulation), and inter-group peer
learning (social shared regulation). Furthermore, this study evaluates the impact of digital learning partners on students’
academic performance. The findings are expected to enhance the interactivity and adaptability of digital learning

environments and provide valuable insights for future digital course design and Al-based education applications.
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Bridging the AI Literacy Gap:

A Constructivist, No-Code Al Curriculum for Secondary Students
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Abstract: As artificial intelligence (Al) becomes an integral part of modern life, fostering Al literacy among secondary
students is imperative. Existing Al education resources vary in accessibility and depth, with some presenting technical
barriers or lacking coherence, impeding students' holistic understanding of fundamental concepts. This paper introduces
a structured, no-code Al curriculum that leverages computational thinking and constructivist pedagogy to promote
accessibility without compromising rigor. Through hands-on, visual-first learning tools, students explore Al ethics,
machine learning (ML), and generative Al without requiring prior programming experience. Classroom implementation
results demonstrate significant improvements in Al literacy, critical thinking, and ethical reasoning, underscoring the

curriculum s scalability and adaptability as a model for secondary Al education.

Keywords: Al literacy, Computational thinking, constructivist learning, No-code Al education, Ethical Al,

1. Introduction

As artificial intelligence (Al) technologies rapidly evolve, secondary students increasingly interact with Al-powered
tools such as ChatGPT without possessing the necessary conceptual and ethical frameworks to understand their inner
workings, biases, and limitations. Since 2016, NUS High School has incorporated Computational Thinking into its
Secondary 1 curriculum, originally focusing on problem-solving, programming principles, and data skills. In 2024, the
course was restructured to introduce structured Al-focused units.

While several free Al education resources—such as IBM SkillsBuild Al Courses, Microsoft Al for Beginners, and
Intel Al for Youth—offer valuable content, many presuppose a degree of coding proficiency, which may create barriers
for novices. Meanwhile, no-code initiatives like alEDU, AI4ALL, Experience Al, and MIT Day of Al have significantly
broadened access, though they often prioritize terminology or introductory activities over sustained engagement with
machine learning (ML) processes.

To address this issue, we developed a scalable Al curriculum rooted in constructivist learning theory and
computational thinking. The curriculum is distinguished by three innovations: (1) hands-on engagement using visual, no-
code platforms to demystify ML pipeline; (2) integration of technical concepts with ethical reasoning; and (3) a strong
commitment to accessibility without sacrificing conceptual rigor. By moving beyond surface memorization toward
meaningful, critical exploration, our curriculum empowers students to build authentic Al literacy.

By adopting a constructivist, no-code approach, this curriculum empowers students to move beyond surface-level
definitions and develop meaningful, critical, and ethical Al literacy skills.

2. Curriculum Design

To promote genuine understanding rather than surface memorization, the curriculum was intentionally designed to
avoid overwhelming Grade 7 students with technical terms such as "supervised learning” or "reinforcement learning,"

which are often abstract and disconnected from their everyday experiences. Without firsthand experience in coding and
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implementing those advanced concepts, students may struggle to fully appreciate their significance. Therefore, the
curriculum adopts a gradual, scaffolded learning progression: it begins with accessible, hands-on activities to introduce
foundational Al concepts, transitions into no-code exploration of the machine learning pipeline and builds toward the
real-world applications and limitations of generative Al. The learning journey culminates in a research-based exploration
of Al ethics. This structured approach ensures students develop both technical fluency and ethical reasoning, preparing
them for deeper engagement with Al technologies.

Our curriculum is strategically structured around five core design principles below, each supported by concrete
instructional strategies and student-centered activities.

2.1. Democratizing Al Education

Many traditional Al courses require significant programming and mathematical expertise, creating barriers for
learners without prior experience. Our curriculum eliminates these obstacles through a no-code, visual-first approach,
making Al concepts accessible to all students, regardless of prior coding experience or socioeconomic background.

In Unit 1, students engage with Google Teachable Machine, providing an intuitive, hands-on introduction to machine
learning. This interactive experience allows them to train simple models without writing code, fostering curiosity and
foundational Al literacy.

Building on these fundamentals, Unit 2 introduces hands-on machine learning, where students transition from basic
experimentation to structured Al workflows. Rather than coding ML models from scratch, they utilize no-code ML
pipelines in Google Colab, where they upload datasets, fine-tune parameters, and analyze model outputs, all without
requiring programming skills. To maintain accessibility while ensuring conceptual depth, students evaluate model
performance using high-level indicators like loss vs epochs diagram, the value of accuracy, Mean Absolute Error,
confusion matrices, and regression scatter plots (Figure 1, 2). These visual tools allow students to interpret ML results
meaningfully without delving into complex mathematical derivations. To further enhance understanding, an animated
visual representation of the Neural Network Training Process (Figure 3) illustrates the key process in an engaging,
digestible format.

To explore Al hallucinations, students critically examine inconsistencies in Al-generated responses. For example,
they investigate how ChatGPT provides conflicting explanations for the 'P' in 'ChatGPT," with responses ranging from
‘procedural’ to 'predictive’ to having no specific meaning. This activity reinforces the importance of source verification
and critical evaluation. A recorded conversation with an earlier ChatGPT version, showcasing its hallucinations, provides
a controlled, replicable learning experience.

2.2. Balancing Accessibility and Technical Depth

While accessibility remains a cornerstone of our curriculum, intellectual depth is equally prioritized. Students engage
in hands-on Al workflows that mirror real-world machine learning applications, progressing through all five ML pipeline
stages: Define the Problem, Data Collection & Preprocessing, Model Training, Model Evaluation, and Iterative
Refinement. Through guided experimentation, they manipulate key parameters—such as the number of hidden layers in
a neural network—to assess their impact on model accuracy and performance.

To illustrate the concept of overfitting, students first train models with varying hidden layer counts in Google Colab,
observing first-hand that increasing model size does not always enhance accuracy. This is reinforced through cognitive
anchoring, a learning strategy where new information is linked to familiar concepts to improve understanding. In this
case, overfitting is likened to a multi-level video game player who memorizes every detail of a single level but struggles
when faced with new ones—just as an overfitted model fails to generalize beyond its training data. This dual approach

fosters both conceptual clarity and practical comprehension.
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Figure 1. The Loss vs Epochs graph demonstrates how the Figure 2. Accuracy with contextual explanations
model improves over multiple training rounds. This introduces evaluation concepts to students. Correct
visualization presents numerical feedback in a simplified and incorrect predictions are shown numerically,
manner, making learning progress observable without while technical terms like ‘confusion matrix' are
complex mathematical explanations omitted to enhance accessibility

Large Language Models (LLMs) are similarly demystified through intuitive analogies that make abstract concepts
more accessible. For example, our work compares the process of text generation to a Shakespearean playwright selecting
words— each word chosen must fit the sentence's structure and context. An LLM achieves this using statistical methods
rather than predefined rules. However, like an author injecting creativity, LLMs introduce an element of randomness,
allowing for more dynamic and varied text generation. By framing LLM behavior through familiar concepts, students
grasp both the structured and probabilistic nature of Al without needing advanced technical knowledge.

Additionally, the curriculum integrates emerging Al research, such as findings on model collapse when training on
synthetic data, underscoring the necessity of high-quality datasets in Al model development.

2.3. Hands-On and Personalized Learning

Beyond theoretical understanding, active participation enhances learning outcomes. The curriculum leverages hands-
on exploration and personalized engagement to deepen students’ conceptual grasp and foster critical thinking. In the No-
Code ML Pipeline work, students work with self-selected datasets, allowing them to apply Al concepts to personally
meaningful topics, enhancing engagement and understanding.

A custom-built Al playground allows students to explore how top_K settings influence Al-generated responses, even
when using the same prompt. By adjusting these settings, students observe responses ranging from predictable and
balanced to highly imaginative—or, at extreme values, nonsensical gibberish or non-English characters (Figure 4). This
hands-on activity provides a concrete demonstration of the probabilistic nature of Al, reinforcing the importance of critical
evaluation when interpreting Al-generated content. Students explore Al ethics by conducting independent research on
topics of their choice, using a structured, iterative approach. They begin with a preliminary exploration using an LLM to
gain insights, then conduct independent online investigations to identify and analyze real-world case studies. Finally, they
return to LLM for synthesis and deeper discussion. Their findings culminate in written reflections on AI’s societal
implications and a concrete action plan for ethical Al use appropriate for their age. To support this process, a worked case
study on Al-driven vehicles provides step-by-step guidance, complete with teacher’s commentary to scaffold learning at

each stage.
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By engaging with these real-world challenges through hands-on exploration and personalized learning, students

develop critical thinking, problem-solving, and ethical reasoning—key competencies in computational thinking education.
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2.4. Ethical Al Education: A Structured and Progressive Approach

As students develop technical competencies, it is imperative to integrate ethical considerations throughout their
learning journey. Al ethics is embedded as a core pillar of our curriculum, ensuring that responsible Al use is not an
afterthought but an integral component of Al literacy. Ethical considerations are interwoven with technical instruction,
allowing students to engage with bias, misinformation, and fairness through hands-on experimentation rather than abstract
discussion. While Unit 4 (Al Ethics & Responsible Al Use) provides a structured space for deeper inquiry, ethical
engagement is embedded throughout the curriculum from the very beginning:

e Unit 1: Introduction to Al & ML — Students explore AI’s pattern recognition through visual demos, prompting

critical discussions on bias in datasets.

e  Unit 2: No-Code ML Pipeline — By adjusting parameters and analyzing model outcomes through visual tools,

students examine fairness in algorithmic decision-making.

e Unit 3: Generative Al & Prompt Engineering — Students interact with Al-generated content, investigating

hallucinations, misinformation, data security and the reliability of LLMs.

e Unit 4: CS Ethics & Responsible Al Use — With a strong conceptual foundation, students critically assess real-

world Al applications, evaluating their societal impact and ethical challenges.

By structuring ethics as an evolving discussion across technical units, students cultivate a deep, experience-driven
understanding of responsible Al use. This approach cultivates both Al proficiency and ethical discernment, preparing
students to navigate complex Al applications in academic and real-world contexts.

Unit 4, the most critical unit of the curriculum, equips students with a structured framework for analyzing Al ethics.
It addresses key concerns such as fairness, intellectual property, data privacy, and AI’s impact on employment. Through
a case-based learning approach, students examine real-world failures—such as the 2024 CrowdStrike outage—to
understand Al vulnerabilities and their broader societal implications. Discussions on dark patterns in digital design expose

manipulative engagement strategies, fostering awareness of ethical pitfalls in Al-driven applications.
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A pivotal component of this unit is the structured discourse on Al-generated content and plagiarism, where students
critically examine the boundaries of responsible Al adoption in academic settings. This ensures they develop ethically

grounded Al literacy, reinforcing accountability, critical evaluation, and institutional integrity.
2.5. Scalable, Open-Source, and Teacher-Friendly Design

Designed for broad adoption, the curriculum is built on free, web-based platforms, for example, Google Teachable
Machine, Google Colab, GitHub, ChatGPT and Google Gemini, eliminating financial barriers and ensuring accessibility
across diverse educational settings. Structured teaching resources equip educators—regardless of Al background—with
the necessary tools to deliver effective instruction. This modular, adaptable framework positions the curriculum as a
scalable, future-ready model for Al education in secondary schools.

3. Implementation & Impact

Integrated as the final component of the 2024 Grade 7 Computational Thinking Course, the Al curriculum spanned
nine instructional hours, balancing direct instruction with hands-on experimentation. Table 1 summarizes the key
components, assessments, and personalized learning strategies. Designed for universal accessibility, it required no prior
Al or coding experience. Teachers provided real-time support, allowing weaker students to receive guidance while
stronger students engaged in self-directed exploration, including custom datasets, iterative ML training, and independent

research.
Table 1. Key Component of Each Unit
. Examples of Element of
Unit | Hours Key Contents . .
Assessment Personalized Learning
Hierarchical understanding of Al and ML. Google Teachable .
1 2 o ) Self-taken images
AT’s real-world applications Machine
Simplified the Neural Network Training No-Code ML Pipeline
2 4 o ) . Self-sourced dataset
Process, supported with visual aids. Using Google Colab
Mechanics and limitations of LLMs,
. o Explore Randomness )
3 3 Comparison & combination of the use ] Personalized prompts
) Setting of LLMs
cases of LLMs and online search
Clearly defining rules with contextual Al Ethics Mini- )
4 2 ] Self-selected topic
examples for ethical Al use Research Task

Post-course surveys demonstrated significant gains in Al literacy, engagement, and ethical awareness:

e 95.5% of students agreed it enhanced their Al understanding.

e 91.0% reported greater competency in generative Al tools and ethical discussions.

o 88.7% affirmed that the curriculum’s objectives were met.

Student reflections highlighted strong engagement, with many expressing confidences in Al discussions and a desire
for deeper exploration of both technical and ethical dimensions. These findings affirm the curriculum’s effectiveness and
scalability as a model for Al education, demonstrating its potential for broader adoption in secondary-level computational

thinking programs.
4. Future Directions & Expansion

Building on the successes and insights gained from this implementation, we now look toward future curriculum
enhancements and broader scalability. Now a permanent part of the Grade 7 curriculum, our Al program is updated
annually to reflect emerging advancements, enhance engagement, and ensure relevance. As Al continues to evolve rapidly,
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future iterations of the curriculum will introduce topics like Retrieval-Augmented Generation (RAG) and Al-assisted
learning to deepen students' understanding. The program is set to expand to 12 hours, incorporating other innovations
such as comparisons between Small and Large Language Models and interdisciplinary applications.

Comprehensive teacher training and structured resources facilitate seamless implementation across diverse
educational contexts, while open-access platforms ensure equitable Al literacy at scale.

5. Conclusion

This study responds to the pressing need to equip secondary students with authentic Al literacy, going beyond
vocabulary-building or pen-and-paper activities common in existing no-code Al initiatives. Our constructivist, no-code
curriculum is original in its holistic approach: students not only engage deeply with the machine learning pipeline through
hands-on, visual tools but also develop critical ethical reasoning across all stages of learning.

Grounded in both constructivist learning theory and computational thinking, the curriculum enables students without
coding experience to develop meaningful Al literacy, critical thinking, and ethical discernment. Implementation results
demonstrate significant gains in student understanding and engagement, confirming the curriculum’s scalability and
adaptability for secondary education.

As Al continues to reshape society, this curriculum offers a practical, innovative model for preparing future
generations as informed and responsible Al practitioners.
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Abstract: Computational Thinking (CT) facilitates knowledge acquisition and skill development, particularly in problem-
solving and understanding information processes based on computer science principles. However, its potential to address
socio-pedagogical and psychological needs for learners with developmental disabilities remains underexplored.
Integrating CT with Artificial Intelligence (Al) could enable individuals with intellectual disabilities to navigate an
increasingly digital society inclusively. This study examines how CT, applied to Spanish students with intellectual
disability (ID), can reduce the digital divide and enhance employability while exploring AI's role in this process. A
qualitative research program analyzed observable behaviors following CT and Al training. The results indicate that
integrating CT with Al positively impacts learning in the following areas: (a) digitalization and CT, (b) block-based
programming, and (c) Al training systems using machine learning. Findings suggest that CT and Al integration improves
problem comprehension, logical structuring, pattern recognition for enhanced solutions, differentiation between relevant
and irrelevant information, and the ability to develop clear, step-by-step strategies. While the study provides positive
indications, further research is needed to deepen the understanding of CT and Als role in socio-pedagogical and

psychological support for students with intellectual disabilities.

Keywords: Computational Thinking, Artificial Intelligence, Intellectual Disabilities, Inclusive Education, Employability.

1. Introduction

With the rise of artificial intelligence (Al) and the digital transformation of society, it is necessary to implement
training programs that support the acquisition of knowledge and skills that prepare students to successfully face
contemporary challenges in a critical and resilient way (Shute et al., 2017). From inclusive education, it is essential to
guarantee the access of students with intellectual disability to this type of training programs, in order to improve their
social and labor inclusion and minimize the existing digital divide (UNESCO, 2019). The employment rate of this group
according to the latest report from the Spanish National Institute of Statistics (2023) is 21.9%, a figure that highlights the
need for training programs to improve their social and labor insertion. In addition, women with intellectual disability
suffer double discrimination in access to employment due to gender and disability stereotypes (Sanchez & Pérez, 2020).

Intellectual disability (ID) is characterized by significant limitations in intellectual functioning and adaptive behavior,
which pose challenges in the acquisition of conceptual, social, and practical skills before the age of 18 (Matson et al.,
2009). This individual variability requires an adequate personalization of the teaching process (Palacios-Garcia, 2024)
under an adaptive learning approach that strengthens their potentialities (Selau et al., 2022).

UNESCO (2019) describes Computational Thinking (CT) as a key competence of the 21st century for learning digital
technologies and artificial intelligence (Al) in the classroom. CT favors the deployment of cognitive skills for problem
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solving through the expression of solutions such as automated sequences or algorithms that can be executed by both
computer agents and/or without them (Wing, 2006). This process is divided into 1) Understanding the problem; 2)
Decomposition into easily solvable subtasks; 3) Representation of the process and interpretation of the data; 4)
Implementation of a sequence of steps or algorithms; and 5) Debugging and validation of the solution (Shute et al. 2017).
CT constitutes a new essential literacy for STEM learning at all educational stages, impacting the development of higher
cognitive skills through the improvement of reasoning and decision-making processes in an orderly, systematic,
sequenced and logical way with application to the resolution of everyday problems (Burke et al., 2016). In this sense, CT
is not reduced to the transmission of computer concepts but facilitates the understanding of natural and social phenomena
and the explanation and interpretation of the world as a composite of information processes (Denning & Tedre, 2019).

CT can be worked on firstly, through disconnected activities, which do not require the use of a computational agent;
and secondly, through connected activities, which employ digital tools and programming (Fanchamps et al., 2021; Saxena
& Shanahan, 2020), including Al (Olmo-Mufioz et al., 2020). This adaptive approach to CT is aligned with the use of
cognitive scaffolds as facilitators of a problem-solving process (Ojeda, 2011). It is precisely this scaffolding that allows
students with 1D to self-regulate their own learning through metacognitive processes. (Chaves, Rodriguez, & Ramirez,
2006).

In response to the demand for STEM training for students with ID and with the aim of facilitating their inclusion in
digital and Al-related contexts, this study raises the following main research question: Does the combined implementation
of CT and Al activities have a positive impact on students with ID?

To answer this main research question, the following sub-questions have been asked: (1) What specific cognitive and
social benefits do CT and Al activities provide for students with ID?; (2) How do scaffolding-based instructional strategies
affect student”s self-perception on their abilities in these activities?; (3) What challenges and facilitators influence the
effective implementation of CT and Al activities in inclusive educational settings?

The research has been conducted under the following hypotheses: (1) Combined CT and Al activities enhance
cognitive and social skills in students with 1D; (2) Instructional strategies that incorporate scaffolding improve student”s
self-perception of their abilities in these activities, (3) The effective implementation of these activities for students with
ID depends on teacher training, accessibility of materials and institutional support.

2. Method

To explore our research questions, we gathered qualitative data through direct teachers’ observations focusing on CT
skills and an online self-questionnaire about digital and job abilities. The method chosen for this qualitative research was
the temporary case study following the guidelines of this type of research according to Galeano (2012): 1) This program
focuses on a specific event or social aspect without generalizing, and 2) describing the situation in detail and evaluating
it to support future educational interventions.

2.1. CT and Al training program

This program is offered at a special school in Spain. It is available to individuals with ID who have completed the
Special Vocational Training Cycle at twenty-two years old. These studies vary according to the legislation of each region.
After this cycle, there is a paucity of specialized continuing education for people with ID. Consequently, CT and Al
training program is aimed at people with ID over twenty-two years of age who wish to broaden their professional skills
in the field of training in Machine Learning systems. The goal is, under the right to lifelong learning, the development of
digital skills applied to tagging and data revision in Al systems, to promote their socio-occupational inclusion.

This program has a duration of ten months from September to June, five hours per day and five days per week. Eight
people are enrolled during 2024-25 course, two of them are women. The training modules and their link to the

development of CT skills (Selby, 2017; Roméan-Gonzélez et al., 2017, Brennan & Resnick, 2012) are outlined below in
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table 1. They are also related to the five areas of competence established by the European Framework of Digital
Competences for Citizenship (Voukari et al., 2022).
Table 1. Modules, CT skills and Digital Competences.

Modules/activities CT Skills Digital Competences
TML1 - Digitalization Identification of digital processes into parts.
- Monitoring instructions in a set order to Pattern recognition: Identification of trends in the use of
complete a task. digital tools.
- Digitize text in Microsoft Word. Abstraction: Use of digital models to represent information.
- Entering data in Microsoft Excel. Algorithmic thinking: Tracking sequential digital processes
- Review of tasks before submission. and flows. Inf i d dat
- Information and data
- Make corrections and improve the work. Evaluation and debugging: Verification of digital tools and lit
iterac
troubleshooting. . Y o
- - - - - Online communication
TM2 - Block Programming Decomposition: Division of problems into blocks. .
. L . . and collaboration
- Completing the CODE challenges. (pre-readers  Patter recognition: Detection of repetitive structures. L .
. . o . - Digital content creation
course) Abstraction: Creation of simplified block algorithms. L .
T . . - Digital security
- Use of sequences and loops. Algorithmic thinking: Design of logic sequences. .
. . . . . . - Troubleshooting
- Making a programming game Evaluation and debugging: Testing and correcting code.
TM3 — Al training systems. Machine Learning  Decomposition: Separation of relevant data in models.
- Preprocessing text, audio and image data. Patter recognition: Pattern identification in data sets.
- Tagging of text, audio and image data. Abstraction: Building mathematical models from data.
- Data review and validation. Algorithmic thinking: Development of steps in model training.

Evaluation and debugging: Model optimization.

2.2. Participants

This case study has been carried out with eight students, comprising six male and two female individuals. They all
have a mild-moderate range of intellectual disability between 33% and 65% according to international criteria such as
those of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) (Gémez & Garcia, 2008). All subjects have
access to a computer and demonstrate literacy competence. Furthermore, they exhibit adequate oral and written
comprehension and expression, employing accessible patterns of simple language.

2.3. Assessment instruments and procedure

Two qualitative data collection instruments have been designed in this case study. Firstly, a direct observation register
(Table 2) has been developed for the four teachers participating in the program. Secondly, each student has been provided
with an online self-assessment questionnaire. The subsequent section presents the direct observation register, which is
predicated on CT skills, observable behavior and frequency.

Table 2. Direct observation register.

CT Skills Observed behavior Frequency

Understanding problem & Explains the problem and divide the problem into logical and organized parts. Always/ Sometimes/ Never

decomposition

Pattern recognition Identifies patterns and uses them to improve solutions. Always/ Sometimes/ Never
Abstraction Distinguishes relevant from irrelevant information. Always/ Sometimes/ Never
Algorithmic thinking Design a clear and efficient step-by-step strategy. Always/ Sometimes/ Never
Evaluation and debugging Identifies errors and improves solutions. Always/ Sometimes/ Never

This register was completed midway through the course, as part of the formative assessment. The record was also
completed again at the end of the course for the final assessment. Additionally, each student must completed an online
self-questionnaire about digital and job skills. It consists of twenty-two questions tied to each training module,
demonstrating high internal consistency (Cronbach’s a = 0.90). with anonymous responses gathered during weekly 30-

minute tutoring sessions after prior explanation of the Likert scale from 1 to 5. The questionnaire was reviewed by CT
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experts and special education experts to ensure content and face validity, and all four teachers took part in a brief
calibration workshop before data collection to harmonize use of the observation register and standardize scoring criteria.

3. Results and data-analysis

In order to be able to answer the main research questions by means of the formulated sub-questions and hypotheses
to be investigated, qualitative data collected from the observation register and online self-assessments were analyzed.

3.1. Digital and job skills self-questionnaire

The data presented in figure 1 show the average response results for each question in the questionnaire for general
trends. The highest average value (4.75) corresponds to the degree of satisfaction expressed by the students towards the
training plan, followed by the activities related to the programming challenges (4.5) on the CODE platform. In contrast,
the lowest average value (3.38) relates to activities associated with the oral communication of ideas.
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Figure 1. Bar chart of average responses.
The descriptive analysis of the questions most closely linked to CT and Al skills is shown in Table 3.

Table 3. Questions linked to CT and Al skills.

. ) ) ) ) ) Programming
Following Tagging data in Tagging data in ) Correction of )
) ) Data review challenges in
instructions Word, Excel Canva errors

CODE

Pattern Pattern . ) o
. . i . Evaluationand  Evaluationand  Algorithmic

CT skills Decomposition recognitionand  recognition and . ) L
) ) debugging debugging thinking
abstraction abstraction

MODE 4 4 4 3and 4 4 4and5
Scalerating| 1 2 3 4 5|1 2 3 4 5|1 2 3 4 5|1 2 3 4 5|1 2 3 4 5(123 4 5
Frequency 1 01 5 100 2 4 2102 4 101 3 3 1(01 2 5 0(00O0 4 4

Percentage | 13 0 13 63 13(0 0 25 50 25|13 0 25 50 130 13 38 38 130 13 25 63 0|0 O O 50 50

The responses tend to cluster around values 3, 4, and 5, suggesting a medium-high self-perception of students'
competence in CT and Al activities within the training program.

3.2. Direct observation register

The questionnaire was completed for each student by the four teachers of the training plan. Teachers highlight the
high levels of motivation, sustained concentration, self-regulation and resilience of students in the face of new tasks or
corrections favoring the development of adaptive skills. They underline the importance of adapting activities to each
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student's individual needs. In addition, teachers point out that breaking down tasks and systematizing the problem-solving
process creates predictable and successful environments to foster the autonomy and self-esteem of students with ID.
The results indicated a high variability of frequencies (Always, Sometimes, Never) between students and observed
performance according to PC skills, in line with the great variability of competencies shown by students with 1D based
on the type of task and supports provided. In the skill Decomposition, the scale ‘Sometimes’ is the most frequent among
students with 37.5%. In the identification of patterns there is variability with 25% in ‘Always’, 25% in ‘Sometimes’ and
25% between ‘Sometimes-Never’. In Abstraction the most common scale is ‘Sometimes’ with 50%. In Algorithmic
thinking 37.5% corresponds to the scale ‘Sometimes’ and another 37.5% to ‘Never’. And finally, in Evaluation, the most

repeated scale with 62.5% is ‘Sometimes’.
4. Conclusions

The analysis reveals that integrating CT and Al activities positively impacts students with 1D by enhancing cognitive
problem-solving skills such as decomposition, pattern recognition, error checking, and solution validation. However, the
high variability in CT skills indicates that while some students made notable progress, others needed additional support,
emphasizing the need for differentiated instruction (Selau et al., 2022).

Regarding instructional strategies, scaffolding proved effective in improving students’ self-perception. Self-reported
data indicate a medium-high level of confidence in digital and job-related skills, highlighting the importance of structured
guidance. This aligns with research showing that scaffolding supports gradual skill development in inclusive settings (Pea,
2004).

Key factors affecting CT and Al implementation in inclusive classrooms include teacher training, accessibility of
materials, and institutional support. The variability in CT skills assessed by teachers underscores the necessity for adaptive
methodologies that cater to diverse learning needs (Grover & Pea, 2013).

Overall, while CT and Al activities enhance learning for students with 1D, their effectiveness depends on instructional
approaches and contextual factors. Future longitudinal studies could explore the long-term benefits of integrating these
tools into inclusive education.

In conclusion, structured teaching strategies and supportive learning environments are crucial for fostering both skill
acquisition and self-confidence in students with ID. By refining instructional methods and ensuring sufficient resources,
educators can leverage CT and Al to promote inclusive and equitable learning opportunities, ultimately improving

students’ social and labor inclusion.
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Abstract: Recent advances in generative Al have increasingly highlighted the transformative potential of large language
models (LLMs) within educational contexts. Nevertheless, the token-based generation characteristic of LLMs often results
in responses that may lack depth, thereby potentially limiting their effectiveness as scaffolding tools. This paper introduces
Alice, a scaffolding agent designed to provide unsolicited hints and adaptive support in computational thinking (CT)
education. Alice's effectiveness was primarily evaluated through user feedback scores and benchmarked programming
tasks, while further empirical research is underway to explore qualitative evidence of scaffolding effectiveness. Alice was
initially optimized for both plugged and unplugged learning scenarios using a structured system prompt informed by a
hierarchical framework for Al-mediated CT and the oDSP-HF approach. Subsequent fine-tuning with a LoRA-based
method reduced perplexity from 9.5 to 6.6 and improved JavaScript-to-block-based code conversion accuracy from 45.8%
to 69.5%. User ratings also increased from 64% to 85%. These findings tentatively indicate that careful system prompt
design, combined with targeted fine-tuning, may enhance the adaptive support and learner engagement provided by LLM-
based scaffolding agents in CT education.

Keywords: computational thinking, artificial intelligence (Al), scaffolding agent, large language models, fine-tuning

1. Introduction

The rapid advancement of generative Al (GenAl) has arguably garnered significant interest in its potential to enhance
personalized learning, instructional design, and assessment (Khosravi et al., 2023). Within this context, a key area of
scholarly exploration concerns Al-powered scaffolding agents that dynamically adapt instructional content and provide
real-time, personalized hints—often referred to as “unsolicited scaffolds” (Hijon-Neira et al., 2023). However, despite
such promise, substantial challenges arise from the inherent limitations of GenAl technologies, particularly large language
models (LLMSs), which operate primarily through token prediction rather than explicit reasoning (Wei et al., 2022). While
LLMs appear to demonstrate strong language generation capabilities, they are also prone to hallucinations and frequently
lack contextual awareness. Unlike human writers, LLMs do not autonomously seek clarification on task requirements, a
limitation that has led Hicks et al. (2024) to characterize them as “bullshit generators.” Although prompt engineering
techniques, such as “CoT prompting,” have been developed to mitigate these issues (Wei et al., 2022), current evidence
suggests that such strategies remain largely insufficient for providing meaningful scaffolding.

Beyond technical limitations, the developmental trajectory of LLMs further complicates their role as scaffolding
agents. As these models become increasingly optimized for information retrieval rather than interactive learning
(Khosravi et al., 2023), they typically provide direct answers instead of engaging in inquiry-based scaffolding. Effective
scaffolding, however, arguably requires assessing prior knowledge, posing counter-questions, and fostering
metacognitive engagement—pedagogical affordances that are often absent in current LLM interactions. Chen et al. (2023)
emphasize the need for Al-powered scaffolding agents to align with pedagogical affordances, including reflectivity and
effortful engagement, thereby necessitating both new human competencies and safeguards against unintended
consequences. This context raises the first critical research question (RQ1): How can Al-powered scaffolding agents

be effectively developed to align with key pedagogical affordances? One potential approach involves designing
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structured “system prompts” to guide LLMs in scaffolding interactions (Zhang et al., 2024). Nevertheless, research on
translating prompt engineering into practical educational applications remains limited.

These challenges become even more pronounced at the intersection of Al and computational thinking (CT) education.
CT has long been recognized as a crucial problem-solving skillset, with its conceptual roots in Seymour Papert's work
(Lodi & Martini, 2021). While Jeannette Wing popularized the term, CT remains an evolving construct shaped by multiple
frameworks, which arguably necessitates a reconsideration of Papert's foundational ideas to adapt them to emerging
educational needs (Wong et al., 2020). Papert's constructionist vision emphasized hands-on engagement with
computational artifacts as a means of fostering problem-solving skills, positioning CT as a mindset for leveraging
computational technologies—including Al—to explore and solve problems. Despite early synergies between CT and Al,
it may be observed that modern discourse has yet to fully articulate their relationship. Given Al's increasing presence in
education, clarifying how it mediates CT learning while preserving human cognitive processes remains a pressing concern.

One area in which GenAl has been explored in CT education is programming-related learning activities. Researchers
have integrated LLM:s into block-based coding environments to support CT instruction, aligning with Papert's emphasis
on active engagement with computational artifacts (Ali et al., 2024). LLMs may assist students in understanding
computational concepts and generating text-based code, yet notable challenges persist. For instance, Kong et al. (2024)
indicate that LLMSs often struggle to accurately describe CT concepts, and students frequently misinterpret Al-generated
code. Despite these limitations, LLMs arguably hold potential as cognitive scaffolds in CT education, particularly in
programming contexts.

In response to these developments, scholars have called for new CT frameworks that integrate Al to support
computational problem-solving (Ali et al., 2024; Wong et al., 2020). To encapsulate this evolving relationship, we propose
‘Al-mediated CT’ as a hierarchical framework that seeks to extend Papert's vision by positioning Al as a cognitive tool
that supports—rather than supplants—human cognition. Al-mediated CT reinforces the constructionist principle that
learners should remain active agents in their own learning process. Within this framework, Al functions as a cognitive
scaffold, offering hints, feedback, and adaptive support to enhance computational problem-solving.

This conceptualization gives rise to the second critical research question (RQ2): How can Al-mediated CT be
pragmatically structured as a framework to guide system prompt design for LLMs? Addressing this question
necessitates a logically organized framework that accommodates both plugged (programming-related) and unplugged
(non-programming-related) learning scenarios. The following section delineates the conceptual foundations of the
research project, thereby establishing the basis for the development of Alice—the Al-mediated CT scaffolding agent.

2. Conceptual Groundwork

2.1. Optimizing Directional Stimulus Prompting Through Human Feedback: A Structured Approach

This subsection addresses RQ1 in part by drawing upon contemporary technical research to propose a structured
approach for designing system prompts that enables LLMs to exhibit key pedagogical affordances essential for effective
scaffolding. As previously highlighted, such affordances include promoting reflectivity, fostering metacognition, and
encouraging effortful engagement in learner interactions (Chen et al., 2023). In this context, system prompts refer to
embedded instructions that persist in the background each time an LLM is initialized for a new inquiry, thereby defining
the scope of interaction without altering the model's internal parameters (Zhang et al., 2024).

It may be argued that system prompts can be strategically designed to achieve these pedagogical affordances by
instructing LLMs to avoid providing direct answers. Instead, these prompts facilitate a controlled conversational process
involving hint generation, meaningful questioning, iterative refinement based on user feedback, and collaborative solution

derivation. This structured approach, delineated here as Optimizing Directional Stimulus Prompting Through Human
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Feedback (0DSP-HF), builds upon the “hint generation” concept in Directional Stimulus Prompting (DSP) proposed by
Li et al. (2023) for language summarization tasks.

Unlike DSP, which relies on a secondary model, oDSP-HF operates using only a single LLM, integrating direct
human interaction to refine hint generation. Upon receiving an inquiry, the LLM generates preliminary hints, which are
then iteratively refined through user feedback until a clear problem-solving direction emerges. Once the user is satisfied,
the LLM synthesizes the refined hints with the original inquiry to generate the final response. This iterative exchange is
posited to foster a collaborative problem-solving dynamic, thereby enhancing both guidance and understanding.

Although oDSP-HF appears to hold potential for a variety of scaffolding tasks beyond Al-mediated CT, its
implementation in this context introduces unique complexities. Unlike language summarization tasks, hint generation for
Al-mediated CT arguably requires a more nuanced approach to system prompting. The following subsection, therefore,
explicates a hierarchical framework designed to guide system prompting with oDSP-HF, thereby ensuring better
alignment with the expectations of Al-mediated CT.

2.2. A Hierarchical Framework for Al-Mediated CT

This subsection addresses RQ2 by expanding on the conceptualization of Al-mediated CT discussed in Section 1.
Al-mediated CT frames Al as a scaffolding agent that provides unsolicited hints based on human feedback, augmenting
computational reasoning and supporting computational problem-solving. However, as previously noted, CT—Iet alone
thinking itself—is not as well-defined as strictly outcome-driven tasks such as language summarization. Thinking is
highly dynamic and varies across individuals (Shin, 2019), making it inherently more complex to scaffold effectively.

A pragmatic approach to addressing this challenge is to refine the focus from ‘thinking’ to ‘reasoning.” While thinking
encompasses a broad set of cognitive processes, reasoning relies on logic or structured rules to draw inferences (Shin,
2019). By approximating human reasoning, an Al may, in principle, scaffold human thinking to a practical extent. This
suggests that thinking can be conceptualized as a hierarchy of reasoning complexity, ranging from general information
retrieval to contextualized problem-solving. However, when applied to CT, the absence of a structured framework
becomes evident. To the best of our knowledge, no existing framework explicitly enables Al to approximate CT, even
hypothetically. While multiple interpretations of CT exist, they vary in alignment and offer holistic perspectives on key
computational concepts such as algorithms, decomposition, iteration, abstraction, and debugging. Yet, an epistemological
gap remains in understanding how these concepts interrelate with computational reasoning and problem-solving.

To bridge this gap, three CT experts in computer science, Al, and education systematically reviewed existing
frameworks and identified overlapping dimensions, including only constructs with 100% interrater agreement. This
rigorous process underscored the need for a dynamic, hierarchical framework applicable to both plugged and unplugged
learning contexts. The resulting framework comprises four key dimensions, namely Computational Reasoning,
Computational Concepts, Computational Practices, and Computational Constructs, as illustrated in Figure 1.

At the base of this hierarchy is Computational Reasoning, which is argued to be a cornerstone of CT. Computational
reasoning relies on formal logic to represent computational problems, address them systematically, and derive conclusions
(Paulson, 2018). Researchers assert that LLMs exhibit emergent abilities to approximate human reasoning, particularly
computational reasoning, to a noticeable extent (Wei et al., 2022). Therefore, computational reasoning serves as a crucial
link between Al and CT, positioning it as the fundamental dimension for integrating the hierarchical framework with the
oDSP-HF approach to guiding the system prompting of LLMs for scaffolding Al-mediated CT.

The next level, Computational Concepts, applies computational reasoning to general problem-solving contexts.
Concepts such as algorithms, decomposition, iteration, and abstraction become relevant at this stage (Ali et al., 2024).
Since different CT frameworks define these concepts in varying ways, there is no fixed set of computational concepts.
Following this, the hierarchy progresses to Computational Practices, which involve applying computational concepts to

specific problem-solving scenarios. For example, decomposition—the process of breaking down a problem into smaller

28



Kong, S. C., Hsu, T. C., & Zhao, J. H. (Eds.). (2025). Proceedings of the 9th International Conference on
Computational Thinking and STEM Education. Hong Kong: The Asia-Pacific Society for Computers in Education.

parts—is a computational concept. However, when applied in a structured problem-solving task, decomposition becomes
a computational practice (Ali et al., 2024). As a computational practice in the development of a pathfinding algorithm,
‘decomposition’ involves breaking the problem into subproblems such as graph representation, node traversal, and cost
evaluation. Each subproblem is addressed individually before being integrated into a complete solution.

The final level, Computational Constructs, represents the implementation of computational practices within
programming environments. lIteration, for instance, functions as both a computational concept and a computational
practice, involving the repeated execution of a process until a condition is met (Ali et al., 2024). However, when
implemented in programming, iteration is operationalized through constructs such as FOR loops, WHILE loops, or
recursive function calls. In search algorithms, these constructs provide the syntactic and structural mechanisms necessary
to execute iteration in code. Thus, ‘iteration’ transitions from a computational practice to a formalized computational

construct within a programming language.

Hierarchy of Computational Thinking

Computational Constructs

Computational practices implemented
in programming environments

: - 5
Computational Practices QE
Computational concepts applied to
specific problem-solving scenarios
Computational Concepts {‘?«3 ‘ .
Computational reasoning applied to ———
general problem-solving contexts
Computational Reasoning @
Logical inference and structured

problem representation

Figure 1. The hierarchical framework for AI-Mediated CT.

Although not intended as a definitive model, this pragmatic framework (see Figure 1) serves to structure Al-mediated
CT for system prompt design and scaffolding. The following section outlines Alice's technical implementation using the
oDSP-HF approach, which is informed by the hierarchical framework, as well as the subsequent fine-tuning and

performance evaluation.

3. Technical Implementation

Alice, the Al agent, is built upon Llama 3.1 (70B), an open-source LLM developed by Meta. This model was selected
for its adaptability, its support for fine-tuning, and its competitive long-context reasoning capabilities, all of which are
considered essential for structured system prompting and are understood to align closely with proprietary models such as
GPT-4.

For the initial implementation (RQ1), the system prompt was designed following the oDSP-HF approach, as guided
by the hierarchical framework for Al-mediated CT. The prompt was crafted to specify Alice's persona, incorporate DSP
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instructions, and include few-shot CoT exemplars to reinforce computational reasoning. To ensure contextually relevant
hints for both plugged and unplugged learning scenarios, the system prompt was layered according to the four hierarchical
dimensions of Al-mediated CT. Alice was deployed wusing Poe's server deployment feature
(https://creator.poe.com/docs/), and hosted on a local server. This approach was intended to provide greater control over
deployment, data management, and iterative refinements.

Alice's response accuracy, logical coherence, and adherence to the system prompt were systematically assessed
following deployment. Over a period of three months, 64 K—12 trainee teachers enrolled in a CT education course at a
prominent university in Hong Kong interacted with Alice via Poe. The course encompassed both plugged learning
scenarios (e.g., Micro-Bit coding) and unplugged learning scenarios (e.g., LEGO patterns, mind mapping). In accordance
with Poe's data privacy policy, only user interactions (prompt-response pairs) were recorded, with all personal identifiers
excluded. This process yielded a total of 10,346 interactions, and user ratings were collected through Poe's “thumbs-
up/thumbs-down” feedback system.

For the fine-tuning phase, interactions were categorized into four groups: positively rated, negatively rated at the end
of conversations, neutrally rated at the end of conversations, and remaining interactions. It is notable that over 84% of
negative interactions involved Micro-Bit JavaScript-to-block-based code conversion issues, which appears consistent
with prior research indicating that LLMs are not specifically fine-tuned for such tasks (Kong et al., 2024). A dataset of
3,661 prompt-response pairs was curated and manually labeled for fine-tuning, which was conducted using Low-Rank
Adaptation (LoRA) via the Unsloth library (https://docs.unsloth.ai/). LoRA, a parameter-efficient fine-tuning method (Hu
etal.,2021), is designed to reduce computational overhead while maintaining model performance. The fine-tuning process
employed a LoRA rank of 16, a LoRA alpha of 16, and a LoRA dropout of 0.1, targeting key projection modules.

Training was performed on dual RTX 3090 Ti GPUs using the AdamW optimizer, with a batch size of 2, gradient
accumulation steps of 10, a learning rate of 1.5¢™, and 3 epochs, completing in 28 hours. Following fine-tuning, a
validation set of 550 samples, including 25% Micro-Bit-specific queries, was used to evaluate performance. Results from

Alice's fine-tuning are summarized in Table 1.

Table 1. Alice's performance pre- and post-fine-tuning.

Metric Pre-Fine-Tuning Post-Fine-Tuning
Perplexity (validation set) 9.5 6.6

Code conversion accuracy (all, %) 45.8 (£3.1) 69.5 (£2.5)

Code conversion accuracy (unseen, %)  37.2 (£3.4) 64.8 (£2.7)

User thumbs-up rate (%) 64 85

As indicated in Table 1, fine-tuning led to substantial improvements in Alice's performance. The reduction in
perplexity suggests enhanced fluency and coherence, while the marked increase in JavaScript-to-block-based code
conversion accuracy and user thumbs-up rates arguably indicates more effective scaffolding. These improvements were
particularly pronounced in previously unseen problems, highlighting Alice's strengthened generalization capabilities.
These results indirectly support the effectiveness of the oDSP-HF approach and the hierarchical framework in guiding
Al-mediated CT scaffolding.

4. Conclusion

In evaluating Alice's Al-mediated CT scaffolding performance, it should be emphasized that no direct quantitative
metrics were available; rather, user feedback trends served as indirect performance indicators over time. To gain a deeper

understanding of these observed improvements, an interpretive inquiry is currently underway to explore Alice's integration
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within CT teacher education settings. While preliminary findings underscore the potential of AI-powered scaffolding in
CT education, they also draw attention to ongoing challenges related to agent adaptability and the contextual specificity
required for effective implementation. Nevertheless, our ongoing research continues to focus on refining the oDSP-HF
approach to system prompting, with the broader aim of advancing the development of more sophisticated scaffolding

agents capable of supporting Al-mediated CT and related educational applications.
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Abstract: This study explores the conceptualization of an idealized design for computational thinking (CT) education
from teachers’perspectives, guided by the principles of interactive planning. While CT education has received significant
attention, the possibility of envisioning its desired state remains underexplored. Through workshops and discussions with
teachers, this study follows an idealized design approach. It involves identifying challenges in the current state of CT
education, examining worst-case scenarios if these challenges persist, and exploring the possibility of envisioning a
desired current state for CT education. The findings reveal not only a lack of understanding of CT but also other
challenges such as inequitable access to resources and insufficient collaboration among educators. Additionally, although
potential worst-case scenarios and ideal CT education are complex to conceptualize, key themes emerged. Worst-case
scenarios included a widening achievement gap, diminished problem-solving skills, and reduced motivation among
advanced learners. Meanwhile, the envisioned ideal CT education encompassed themes such as skills and competencies,
equity and access, and the transformative concept of School 2.0. These themes were subsequently positioned within
cognitive, situated, and critical framings of CT to better contextualize the findings and connect them with existing research.

This framing helped illustrate the coherence of these themes while broadening the scope of CT education research.

Keywords: Computational thinking, systems thinking, idealized design, interactive planning

1. Introduction

Computational thinking (CT) education has been extensively researched from diverse perspectives, encompassing
curriculum content, educational contexts, pedagogical approaches, and assessment methodologies. Each perspective
provides insights into different aspects of CT education, especially as interest in the topic has grown over the past two
decades. However, the idealized perspective of CT education remains underexplored. Previous studies have examined the
development of CT education by focusing on cognitive and societal dimensions (Kafai et al., 2020; Mills et al., 2021) and
aim to advance CT as a foundation for contemporary education and a data-driven society (Dolgopolovas & Dagiene, 2021;
Tedre et al., 2021). However, these approaches are predominantly grounded in conventional planning frameworks such
as reactivism and preactivism, which correspond to past and future-oriented planning approaches (Ackoff, 2001). This
study employs an alternative approach, known as idealized design, rooted in interactive planning. It aims to explore
teachers' visions of an ideal current state of CT education through a structured systemic approach. By reflecting on existing
challenges and potential worst-case scenarios, this study seeks to answer the following question: How and to what extent
can an idealized CT education be conceptualized from teachers' perspectives?

The paper is structured as follows: first, the background outlines key literature and concepts. Next, the theoretical

approach, settings, and context are presented, followed by the empirical findings, discussion, and conclusion.

2. Background
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CT involves mental skills and practices for designing computations and interpreting the world as a system of
information processes (Denning & Tedre, 2019). It has evolved conceptually and practically, with various frameworks to
define its principles and implications. While many define CT through components such as abstraction, algorithms,
patterns, and decomposition (Brennan & Resnick, 2012; Grover & Pea, 2013), others take alternative approaches. For
instance, Weintrop et al. (2016) frame CT as a taxonomy that highlights practices such as modeling and simulation, data-
related practices, computational problem-solving, and systems thinking.

From a broader perspective, Kafai et al. (2020) proposed a three-layer framing of CT, offering new development
directions with a humanistic approach. The core layer, cognitive CT, focuses on individual learning and skill acquisition
for problem-solving. The middle layer, situated CT, connects CT to personal interests, social interactions, and identity
formation, emphasizing collaborative learning. The outer layer, critical CT, addresses the societal and ethical implications
of computing by analyzing power structures and promoting justice and inclusivity in problem-solving.

To ensure CT education is both meaningful and sustainable, it should be viewed through the lens of systems thinking.
Idealized education systems offer a useful framework for this purpose. Research on idealized design in education is
limited, as the concept primarily originates from management and product development (Ackoff & Rovin, 2003).
However, Russell Ackoff, who introduced this approach, emphasized its relevance for improving educational contexts,
encouraging a systemic rethinking of learning environments (Ackoff & Greenberg, 2008). It was argued that educational
shortcomings stem from systemic issues rather than isolated inefficiencies. The idealized design has also been applied to
education as an alternative to traditional strategic planning, representing its potential to enhance stakeholder engagement
and improve systemic decision-making (Pickering, 2006).

Envisioning an ideal educational system that fosters CT is challenging due to the ambiguity surrounding CT (Shute
et al., 2017) and the complexity of its integration into educational contexts. Nevertheless, recent CT frameworks (Kafai
et al., 2020; Mills et al., 2021) implicitly address the characteristics of an ideal CT education, particularly emphasizing
societal, ethical, and inclusivity aspects. The idealized design approach, which involves envisioning an “ideal current
state™ aligns with these frameworks by conceptualizing CT as a multimodal language, an advanced educational skill, a
mental tool for problem-solving, and a pathway toward artificial intelligence (Al) thinking (Dolgopolovas & Dagiene,
2021).

3. Theoretical Approach

The primary theoretical lens guiding this study is idealized design, an approach rooted in systems thinking. Systems
thinking tools, such as rich pictures and causal loop diagrams, have also been used in workshops to help participants
visualize the broader landscape of CT education and analyze interconnections and influences among its components.
Idealized design refers to the process of designing a system that its designers would choose to implement if they had the
autonomy to select any system they desired (Ackoff, 2001). It envisions the "best possible" replacement while considering
constraints such as technical feasibility, operational practicality, and adaptability to change (Ackoff & Rovin, 2003).
Idealized design is the central concept in interactive planning, which consists of two main processes: idealization and
realization, encompassing six stages ranging from formulating the mess to designing controls. This research focuses only

on the idealization phase, specifically formulating the mess and ends planning, as illustrated in Figure 1.

Formulating the mess Ends planning
* Identifying challenges * Envisioning the
*  Exploting worst-case scenarios ideal present

Figure 1. Simplified idealized design approach applied in the research

33



Kong, S. C.,, Hsu, T. C., & Zhao, J. H. (Eds.). (2025). Proceedings of the 9th International Conference on
Computational Thinking and STEM Education. Hong Kong: The Asia-Pacific Society for Computers in Education.

The idealization phase involves identifying challenges, exploring worst-case scenarios, and envisioning the ideal
present. The first two activities focus on the process of formulating the mess, incorporating the use of rich pictures and
causal loop diagrams. The third activity, in contrast, is dedicated to ends planning.

4. Settings and Context

The data for this study were collected in two settings in Sweden, involving teachers from grades 7 to 9. The first
setting consisted of a two-session workshop held at the university, while the second took place at a school and included
two workshops and two discussion sessions. At the university, two workshops (each lasting two hours) involved five
teachers and one pedagogue from six different schools. At the school, two workshops and two discussion sessions (each
lasting 45 minutes) included 15 teachers. The sessions began with a video introduction that provided an abstract overview
of CT and idealized design. Educational robotics and drones were also showcased to motivate teachers and familiarize
them with digital technologies related to CT, offering inspiration and supporting their involvement in idealization
practices. Drawing rich pictures and causal loop diagrams were supplementary methods. These helped teachers map the
current state of CT education, its integrated components, and potential scenarios and outcomes if existing strategies and
approaches continue.

The data collection method involved recording the discussions in each group and taking notes by researchers who
participated in the sessions. The recorded files were later transcribed and translated into English to facilitate analysis and
derive results. The transcribed data were then thematically analyzed and structured according to the three steps outlined
in the theoretical approach (see Figure 1), aligning with the study’s objectives. Consent for recording the discussions and

using the data for research purposes was obtained from all participants in advance.

5. Findings

5.1. Teachers’ Perceptions of CT and Challenges

Teachers had a diverse understanding of CT, with some associating it with programming and Al, while others
emphasized structured problem-solving, as one teacher explained, “it’s about solving problems in a structured way”.
Many implicitly linked CT to critical thinking, highlighting pattern recognition, abstraction, and collaboration as key
aspects. Some expanded the definition to include general computer skills, creativity, and workflow development, noting
that students tend to rely on pre-existing structures rather than developing their own.

Key challenges from teachers’ perspectives included a lack of institutional support, collaboration, and resources,
forcing teachers to integrate CT independently. One teacher noted, “each teacher decides for themselves how to deal with
these issues”, while another described the isolation, saying, “it’s like everyone is on their own island”. Limited training,
unclear guidelines, and resistance to change further hindered implementation, with one teacher stating, “there’s a lot of

hesitation to change the way things are done, even if it’s for the better”.
5.2. Picturing Potential Worst-case Scenarios

The workshop discussions provided several potential worst-case scenarios if the current trends in CT integration
persist in the educational context, particularly in Sweden. Teachers expressed concerns that declining critical thinking
skills among students could weaken their problem-solving abilities, ultimately leaving graduates unprepared for the
demands of society. Another major issue was the growing divide between high and low-performing students, with only
those performing well benefiting in the long run. As one teacher remarked, "this divide will be increased and increased,
and finally, it would be only the high-performance students who probably in the future get the job positions".

Additionally, they worried that talented students might lose motivation due to a lack of challenges, as one teacher

observed, "we have a group of students who are very smart, but they don’t get the extra challenges they need. This risks
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killing their interest". Lastly, policy decisions, such as the push for "screen-free schools”, were seen as conflicting with
the increasing digitalization of education. Teachers also warned of potential economic consequences, predicting that
companies might have to hire skilled workers from abroad, which could weaken the country’s global competitiveness in

technology and innovation.
5.3. Envisioning Ideal Current

Teachers found it difficult to clearly define an ideal CT education, as their vision extended beyond CT to encompass
broader skills and competencies. Rather than focusing solely on CT education, they emphasized its wider impact on
individual and societal development. Problem-solving emerged as the most frequently mentioned skill, with teachers
envisioning students applying it across different contexts in an ideal system. They also highlighted the importance of
identifying and nurturing individual talents and interests, ensuring that students receive relevant learning resources to
develop their strengths. Additionally, collaboration and teamwork were seen as crucial, allowing students to leverage
each other's strengths and learn collectively.

Equitable access to resources was another key feature of an ideal CT education system, ensuring that all students,
regardless of school size or location, have equal opportunities to learn CT skills. Teachers envisioned a system that
encourages creativity and innovation, fostering out-of-the-box thinking and the development of new solutions. Some
teachers envisioned a "School 2.0" model based on four dimensions of society, resources, knowledge, and competency.
It emphasizes stakeholder collaboration, accessible learning resources, transparent assessments, and skill development
aligned with emerging trends through partnerships with industries, universities, and schools.

6. Discussions

6.1. Where Today’s CT Education Fails

Understanding of CT is likely the primary factor influencing its integration into education. A lack of understanding,
especially among teachers, poses an initial challenge, leading to uncertainty about how to integrate it effectively (Ling et
al., 2017). When CT integration is viewed as a system of interconnected components (Hamidi, 2025), misunderstanding
or lack of understanding becomes a key factor influencing the rest. Although some teachers recognized CT, most lacked
a clear understanding, which led discussions to focus more on broader competencies such as problem-solving,
collaboration, and digital literacy. While these align with 21st-century skills, limited attention to CT-specific
competencies weakens its impact. This gap in understanding hinders effective implementation and reduces CT’s potential
to develop critical and analytical thinking.

In addition to misunderstanding, teachers identified several worst-case scenarios that could arise if CT education
remains poorly integrated. These included a growing gap between high- and low-performing students, a decline in core
cognitive skills, increased individualism, student disengagement, and adverse economic effects. Ackoff (2001) describes
such scenarios as reference projections, offering foresight into how a system could destroy itself. To better understand
these challenges within the context of CT education, they are analyzed through the cognitive, situated, and critical
framings proposed by Kafai et al. (2020). This approach offers a systemic perspective that extends beyond individual
cognition. As illustrated in Figure 2, these issues are placed in the lower half of the original model to represent potential
failures that could undermine the goals of CT education.
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Figure 2. Cognitive, situated, and critical contexts for worst-case scenarios in CT education
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The cognitive framing encompasses problem-solving deficiencies and disengagement, which hinder the
development of analytical skills (Grover & Pea, 2013). The situated framing relates to educational inequities, as the
achievement gap challenges inclusivity in CT education (Liu, 2023). Additionally, individualism and lack of collaboration
highlight the absence of CT’s social dimensions. Finally, the critical framing reflects the broader societal consequences,
including student disengagement from meaningful applications of CT and economic consequences due to a lack of skilled
graduates (Kafai et al., 2020).

6.2. Crafting the Current Ideal

Envisioning an ideal CT education was challenging for teachers, as their responses covered both relevant and broader
educational aspects. However, their ideas aligned with three key themes: skills and competencies, equity and access, and
the transformative concept of School 2.0.

The first key theme focuses on skills and competencies, where teachers envisioned students applying problem-solving
across diverse contexts. This involves the discovery and development of individual talents and interests, enabling students
to pursue personalized learning paths that align with their interests. Collaboration and teamwork were also emphasized,
as leveraging collective strengths fosters deeper learning. Additionally, creativity and innovation were seen as essential
in enabling students to develop new solutions and products. The second theme, equity and access, emphasizes the
importance of providing equal opportunities to teach and learn CT, regardless of school context. This aligns with Ackoff
and Greenberg’s (2008) view of an ideal learning environment as one where both teachers and students learn from one
another, supporting more inclusive and collaborative educational systems. The third theme introduces School 2.0, a
transformative model integrating societal, resource, knowledge, and competency aspects into CT education.

Similar to worst-case scenarios, the envisioned ideal CT education can be analyzed through the cognitive, situated,
and critical framings of CT (Kafai et al., 2020). Figure 3 illustrates this by representing the core aspects of the ideal
envisioned CT education, which is positioned in the upper section of Kafai et al.'s (2020) model. This contrasts with the
worst-case scenarios placed in the lower section, as previously shown in Figure 2.
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Figure 3. Cognitive, situated, and critical contexts for idealized CT education

Problem-solving and individualized learning align with cognitive CT, ensuring students develop analytical and
reasoning skills. Collaboration and equitable access fit within situated CT, emphasizing inclusive learning environments.
Finally, creativity, innovation, and adaptability correspond to critical CT, focusing on real-world problem-solving and
workforce readiness. This framework ensures that teachers' envisioned CT education aligns with broader educational

objectives while remaining practical and adaptable.
7. Conclusion and Future Work

This study applied an idealized design approach to examine how and to what extent an idealized CT education can
be conceptualized from teachers' perspectives. Key challenges identified such as a lack of CT understanding, and
inequitable resource distribution, leading to potential worst-case scenarios, for example, widening educational disparities
and declining problem-solving skills. Despite the complexity of envisioning an ideal CT education, three core themes
emerged: skills and competencies, equity and access, and the transformative model of School 2.0. These themes were

framed within cognitive, situated, and critical perspectives, aligning with and expanding existing CT research. Given the
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study’s limited sample size and the absence of participants with prior CT teaching experience, future research should
engage a broader and more diverse group. Applying a more comprehensive idealized design approach that includes the
realization phase could further refine ideal CT education and lead to more effective implementation in practice through
specific classroom applications and actionable strategies.
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Evaluation of Learning Effectiveness by Integrating Self-Directed Learning and
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Abstract: This study was based on Taiwan's 108 Curriculum Guidelines for Technical Senior High Schools, developing
knowledge nodes and instructional videos on the Taiwan Adaptive Learning Platform. A technology-assisted self-
regulated learning lesson plan was designed and implemented to integrate both online and offline learning, forming a
blended learning instructional model. The learning process included self-regulated learning planning, independent study
using the Taiwan Adaptive Learning Platform and WSQ worksheets, intra-group collaborative learning, inter-group peer
learning, teacher-guided instruction, and final reflective worksheet writing. The bus topology unit was selected as a case
study for implementation.The results showed that students’ post-test scores were significantly higher than their pre-test
scores, proving the effectiveness of this learning model. Additionally, students who completed the WSQ worksheets
demonstrated better learning effectiveness than those who did not, suggesting that the worksheets helped enhance

learning effectiveness.

Keywords: Self-Regulated Learning, Blended Learning, Instructional Videos, Taiwan Adaptive Learning Platform, WSQ
Worksheet

38



Kong, S. C.,, Hsu, T. C., & Zhao, J. H. (Eds.). (2025). Proceedings of the 9th International Conference on
Computational Thinking and STEM Education. Hong Kong: The Asia-Pacific Society for Computers in Education.

BLALBYRRLNEY 2 BY 2204 U BRI EAE A 5 6

lhaed »padapg ERETRT 1 @fl,%@J
FRR A TRERE 4
ckhsu@ntnu.edu.tw

(&) A7 HpELF 108 HirE P FASLFRECFY T SFHE! 6 2 RS gaggpPy o0

EFREAKREFTHE RV PHEE ) AV RS FER AT HFERINEY RE R e dEp 1 F
PR -FSHEEWSQEVHLLHEEY T A FHREEFAS s op 28 oF 38  KFEFERRT
ERGERFLEVE AP URRPEEEE AL AT RRET  FARBRSIEREFR VR EP A
FVHNa iRy > 2 WSQEVHENFIFY AP Rtz 4 Brgy )y eEmt gy
»ek o

[Matx] pigy ;B3 8Y  KEPY S Flite  WSQFYV H

1§ 4

MEERBEDEFE LI AFRE KBV T L g A AKThEL I E 4
ﬁﬂng4m§ﬂw$,§mnfmﬁg_%ﬁﬁﬂﬁkmmﬁ’@§4x@ﬁ%sb*ﬁ
PAZEEYER RELFFEBHE ILbL’Fﬁvr“m%‘f ¥ B (Liu, 2024) » %38 5 MK E
PEIEBREY TR YT «@%4Hﬁawmw@ﬁ»“nﬁ¢%%w%

MUER A Y %@{fﬁ%&sfﬁ’%W§”léﬁﬁwﬁmgiﬁﬁuﬂ
LN Em R L L F F PN o Nacher ¥ 4 (2021) 57 §dp 01> BB F ¥ L
CEFEYHYRAEADEYIEF I BT 2 2R RSN OREHTRAFY 2
g &Moo

GEHREEY T EEH S %%‘“ CeF I EA AR LA L TR EREY X7
4o 3f Hp (Raklcetal.,2020)’ RFIARHEEYRHI S pAFY 4 0T 2@ Al
B E IR HE AT S AL B E E FF (Rakic et al., 2020; Xie & Wei, 2020) - &
4r:Zhao % + mempiﬁu’ﬁﬁﬁﬂﬁﬁ‘?4@¥&ﬁ§”iéﬁﬁ$*@ﬁﬂ"
dR L PRSEY PR forB Y R g AEm . BY 7L 5 AgL g
Ordones and Ferneda(2022)~ 5% » #ici= 5 ¥ T Sedk ik 5 ~ it TR (e 5 K i if i greng
3 iﬁ,i']é%j*)véhél%-’ HRET A ALTE A A RFEES E BB NEY 25> FP o i
,ﬁ%‘_ens bt: §33 LLA Y ST ﬁgégiﬁ.ﬂ F' ;\;?pgﬁ 4 *aﬂbi‘ﬂﬁgnﬁﬂﬁﬁ s KA 4 e
o PR B o

p i & ¥ (Self-regulated Learning, SRL) 2 A B il * »t 407 A3 » & ¥ AR 43 7 »cdk
AHA PR A AFEE 4 Gl B Y SRR Y 185 £ & (Rakic et al.,, 2020; Liy,
2024) - A A g EH P AFY A P LR fFRLPEEY I TR E L 4 (Jansen
etal.,2019) - AT P H2 ¢EBWSQEVE SV HeEp 8V R -FEYF LB
AFYRFNEP A IEYV I RERGEPEY KT X PFYANEIEF BV F L
ﬁﬁm%ﬂﬁvm$&’@%mwﬁﬁaﬁﬁﬁ’éﬁééé a2 a2 54
PEY S BARE A pAFELS  REYER] 4B L IECS YEa

S

=}

!

,"
28

39



Kong, S. C.,, Hsu, T. C., & Zhao, J. H. (Eds.). (2025). Proceedings of the 9th International Conference on
Computational Thinking and STEM Education. Hong Kong: The Asia-Pacific Society for Computers in Education.

7 p A FY o R N8 Y (Blended Learning)s ¢ = AR A KT ERAER > R NE
TR ERATREEL ) BT AR T IR LTRSS A A KT LR
B E g Y 2N FIR B2 % g (Ordones & Ferneda, 2022) > i&f8 5 ¥ #3873 4
ﬁ@%4m%ﬂ&ﬁ&’hnﬁ&k%ﬁﬁfﬁkﬁﬁw’éJ@ HEARFEY D
Mo AT Y WSQE Y H - §Iot 84 4 p 3 8y gragd 762 B> { B % amiE WSQ
Y HEe zruT=@3vs  Watch(Blg) : F2R 74 THhREPY > A Hh L iEgEr F -
%wmmdﬁﬁ-ﬁﬁw%@’éiﬁgﬁﬁ’ R sEPE A 2 5 Y £ 2~ Question(# RY) ¢
FARBPEPFRND O - B P 2ELY R REHRRET FR SRS
‘1.“"?” v WM ERTARLE FA AP ARV OAHY 0 Akd Y BREFE R REF

Edth T B SRR BN fES Y OWSQEVHEFLp A EY L E 2
5a'“§ii~+f%f§§' PFIEREEE L o R AFY S R I g TR
FYSIMEY i ag s ARSIV Y REFYFRLAEL K2 - o

FLEwE o AP RE G AEVERS NG YFEAE L DR S0 £ TR
HARE A FEFT AR FEMAET
MEREEE SRS SRR St PRl S I A R A R &N

Fieh?
@Qtfed § 24 WSQ B#Y¥ Hehg 2 » £y X203 FF 0T 24 WSQ £ ¥ <
g47
2. % praF
2.1. &7V £ ¥ (Blended Learning)

2 &% (Blended Learning, BL) ¥ - fi#- t 2 F o HRE~EFPEEIRTII
Foa h@meAEEE AT A3 RELY R EE IS ﬁv-&i’#p%@(Graham &
Halverson, 2022) - Dziuban % + (2018) 7 3 dp 41 B+ 5N F ¥ 7 @i = 3 220 Bt
G 5 Y LT E MR T A FIARE L KT Fen TRTH A o st M EY R Y
%W*%+mﬁmw’nﬁﬁizkgﬁaﬁ’j@§?§%g¥%&@,ﬁﬁﬁﬂgyﬁ

FrAE 4 ap A8 Y i 4 (Oskah Dakhi et al., 2022) °

MERIBADES > RSN EY ARESS g8V 25 oE &P F LA - Jumaini et
aI.(2021).rn£ﬂ Th BB ALY FTREES AT Y S R RISV R EEE S
%ﬁi“éiﬁ%%ﬁ’@ﬁﬁ%%ﬁﬁﬁﬂﬁ’%w*ﬂ’ﬁ$ﬁ%?%¢y%%%%i
2 ;f.%a’ s fEARAE A JEIR % B PFinaeal 4 (Cao,2023) 0 Li & Wang (2022) kT § i - %
FoRANEY N HEFRALKL2E S ARTAIREREY A B E A mI R LT
%‘i‘? ALY 0 F WA T PATEEEEY S8 B F A A I BB E TS o
FrerE s BANEY e R IR AR TOERH N A N REE A A FY BB R
ﬁi@bmuﬁzﬁ%aﬁﬁu%%’azwéfﬁﬁﬂ&ﬁ CEER TR SRR
Ha :34

-

=i

& ¥ (Self-Regulated Learning)
i %% (Self-Regulated Learning, SRL ) dpE BB ARFLY T LR
LT FFY A L8y p (Schunk&Zimmerman 1994) » 4.8 Y iEfY » 54 2
3;5 p 1}3}1_ Hiﬁqﬂ F’%i&?i&‘?mé‘?” *‘gx N E”;}w%fﬂ e s 1323@; 2, ;tiggz,'—;’;g‘faﬁi IS VIN:
EI P DR EELTF o i aRF Iy fﬂa‘;]t' P AFY w4 ZIERFELAR
Flh o EAERp AFY m?*xé’#nwaﬁJ?ﬁ” AR En EEFL dE ¥

]
P
RS o 1)
wEE
X FE
g &

40



Kong, S. C.,, Hsu, T. C., & Zhao, J. H. (Eds.). (2025). Proceedings of the 9th International Conference on
Computational Thinking and STEM Education. Hong Kong: The Asia-Pacific Society for Computers in Education.

H (Jansen et al., 2019) » Vosniadou(2020)si#= 3 ® » IR > FAF Y FER LB R LB Y
sb*‘ B A A F SR R REEY S

CHFATFAN AV LAF B ARTAH p gV PERP L ILiL
d g@@p%ﬁ*ssé’i; %B%#%%b%ﬁi % 3 W %‘f“"“*ﬂuﬁi?ﬁmﬁ i\,?}ﬂ"ﬂ;z‘ uhﬂ;i{,ﬁu#u
(Broadbent & Poon, 2015) - Bernacki % + (2020)+« P;g *#,;, NEERTEYRE G BB %%‘?

2enp YRS o RA k0 AR FY bt gy (Blended Learning) iE ibra T R
JF g R AR R e B e 56 R R \ﬁfﬁ§4%ﬁi;mm§?%%,
TUlIan(2023) E’fﬂ:—g ;{%ﬁ? E _l_%‘f ¥ AR —\.%‘3 WIRE Y 4 g.}_:’\‘ F&gﬁé‘—i%q’f 3

3. By ik

31 &kFx

AEFEEr FRREFREX R A gd T2 FRy F2 kdpp 2
RPEpFY PR X B ERFEET &-Flihep Fon #E#ﬁstrmy TR IE g
Ak B AT 2 WSQ £ ARfiITENLFRFE B2 FEA B ﬁ%ik‘
BAENF o BB AEEER B ‘T‘RJ L Pl B R L wiE - Iznivz«ra'-,’f—! ©or w3
EitmAR > BERFFAH L

v
L5
P\ g 1l x @f’f ‘ﬁ;fi“?} “";‘F 2| %—%f e

ok =i

¥
i
2o B vPIRFES > g4 AT PR R
Y

R IE PR LR -
RIUE— AN - BAEEY
DU R 7 BRI R

AN, BUREEEZ
BB RO R 1

Bl 1 = FkFK(Ho, 2022) ~ FlHt e p 5§ 4 5

A= St F)H IR N E Y m%‘?'ﬂ‘ EE L 1718k v 12 B g ¥ B4 > Bh fit
Bi 344741484420 % 407 «amﬂﬁ&mé FEY S FRERT B A
B3 545 mF RS pﬁcﬁ.&?m%‘?"”ﬁf FOARFRERA
33. FHI‘#E
RAMBEAERS () g REROIKNE B o W aiaan- e nm B o RETL
[rew] o]

a#
#a HEEE EYEE S ELES 2 a2 .
mrmngonnn O awswnnzer @ smame resr ® usin pare ‘ﬁ’iﬁgggg’g iy

B 2 F sk A2E

41



Kong, S. C.,, Hsu, T. C., & Zhao, J. H. (Eds.). (2025). Proceedings of the 9th International Conference on
Computational Thinking and STEM Education. Hong Kong: The Asia-Pacific Society for Computers in Education.

4 BT RS

A1, FRE Y 428447

By Xoeth (S0P E 4 B ¥ L B (p<001) o {4 % 5 (M=69.71 ; SD =24.31) 47 % $ ** % jp
$H(M=4235:SD=1843) - 2 A KA E2EBEATT P LY ERENEY 2 N1 o
BT L FH e Y 2 R e AT MERS AT E 4G Y HRn
PR AR M o o B B R e T £ Lo

21 ARBRSHEARTAITES

iR A . o L tiE
w0 P 34 42.35 18.43 -6.437"
fs ipl 34 69.71 2431

***p<.001

12. RESETHLEIFT # o0

FRE RV H DL 2 25 o ] ¥ (M=T6.40,SD=2280) 8 ¥ 011§ % ¥ 4
Hen® 4 24 9= Hispl S (M=43.33; SD=26.93) > 5B % AL EF B A TSR > EHF
% B (Z=-2.99,p=0.003) 2 % Bf 7 fikAr? § %+ WSQE ¥ B erif 4 # 5 43 Ak
P Rt WSQEY HeEd o it B hioT 4 2o

12§ RALES HA TS
FyH A Tiordk BEL THEs Fsgf U@ Z@  p

EA 25 76.40 22.89 20.52 513.00 37.00 -2.99™ .003
AR 9 43.33 26.93 9.11 82.00
p<.01
5. B

AP THEASGEPLFVERINEY I I i FY T - kS 12 s
Vil A ?ﬁi?ﬁ” AT ek 0 B ?ﬁﬂfﬂ” DY T L-Flep A8V
FURBEAAEY A BPLEVHES ARG ocRAE S HN R R I 2 R S
PoREOETHHWSQEYE RS F S o2 ERFLFDEY 2o 8- HHFTE LR
B ST n%’*?“ﬁﬁa?”#?“ EHiEsEp AFY iRt By Mgt o o
Bernacki % 4 (2020) 3 7 4pkini % » EH B P A EY R B 4 i) hdk L TER
B EFhFET e éUsz 8 ¥ = % > Broadbent §= Poon (2015) i i sufd = [ﬁ%?’éﬁ:}ﬁ
Mo EFRFEE S SRR ITEYADEEANGEY R BRI FY S R2ZFE G HEFE
EE—‘r %¢tbnb4 B A A EY P RT AR

ﬁpﬂw@%m&wﬁﬂi“fwwwaiﬁﬁ?%ﬁ%%ﬁﬁyéi%¥%&&
i‘ié‘fi o R EFIEERACEY T RRRLpIEY R 0 AR R EF Y
(BIEER > & “P;,j?_?#s”aﬁ—4§4m§”ﬁvﬁ&a # % = »2( Hung & Huang, 2022
)’“P’ﬁﬁ GRE Y R E A v g g2 ohp A FY ERL G MERE (Ho,
2022) -

AFFERBARFL? PRI R T REDAIFYPL-ERAFEIE Y ERY
[V %ﬁim%ﬁ ¥ 2 3ko 439 Chouetal. (2022) 7 3 > A LA EH LT ¥ ik ¥ gt
BEABIHRERA LT VMHR Tl R B Y A REFAE > FEAH L

42



Kong, S. C.,, Hsu, T. C., & Zhao, J. H. (Eds.). (2025). Proceedings of the 9th International Conference on
Computational Thinking and STEM Education. Hong Kong: The Asia-Pacific Society for Computers in Education.

;gﬁ\'?l ,g‘!"' ’ #&—’J § 3g3 &3@0 r]j,“‘ s ‘}L\ ji’{z" 11 i fgg__‘lf;;_} [ﬂ*ﬁ“}*‘t‘ Al 5_* 3‘43 -})’% fi,_E }i{@ . i 5
BAES BV 220 E BV &4 o

R

AFTRHMT TR FP e FaEr o X2 RGP RF ST A EGHE R

NSTC 111-2410-H-003 -168 -MY 3, 113-2628-H-003-002 ) -

R

Bernacki, M. L., Vosicka, L., & Utz, J. C. (2020). Can a brief, digital skill training intervention help
undergraduates “learn to learn” and improve their STEM achievement?. Journal of Educational
Psychology, 112(4), 765.

Broadbent, J., & Poon, W. L. (2015). Self-regulated learning strategies & academic achievement in
online higher education learning environments: A systematic review. The internet and higher
education, 27, 1-13.

Cao, W. (2023). A meta-analysis of effects of blended learning on performance, attitude, achievement,
and engagement across different countries. Frontiers in psychology, 14, 1212056.

Chou, C. M., Shen, T. C., Shen, T. C., & Shen, C. H. (2022). Influencing factors on students’ learning
effectiveness of Al-based technology application: Mediation variable of the human-computer
interaction experience. Education and Information Technologies, 27, 8723-8750.
https://doi.org/10.1007/s10639-021-10866-9

Dakhi, O., Irfan, D., Jama, J., Ambiyar, A., Simatupang, W., Sukardi, S., & Zagoto, M. M. (2022).
Blended learning and its implications for learning outcomes in computer and basic networks for
vocational high school students in the era of COVID-19 pandemic. International Journal of
Health Sciences, 6(S4), 11177-11186.

Dziuban, C., Graham, C. R., Moskal, P., Norberg, A., & Sicilia, N. (2018). Blended learning: The
new normal and emerging technologies. International Journal of Educational Technology in
Higher Education, 15(3).

Graham, C. R., & Halverson, L. R. (2022). Blended learning research and practice. In O. Zawacki-
Richter & 1. Jung (Eds.), Handbook of open, distance and digital education (pp. 1-17).

Ho, S. C. (2022). Curriculum practice of science and technology assisting primary school children's
independent learning. School Administrators, (140), 103-121.

Hung, S. H., & Huang, J. W. (2022). A study on the use intention of elementary school students in
adaptive learning platform based on technology acceptance model. School Administrators, (139),
114-133.

Jansen, R. S., Van Leeuwen, A., Janssen, J., Jak, S., & Kester, L. (2019). Self-regulated learning
partially mediates the effect of self-regulated learning interventions on achievement in higher
education: A meta-analysis. Educational Research Review, 28, 100292.

Jumaini, H., Hertin, H. H., Nisfiyati, M., & Ibrahim, M. (2021). Penerapan Metode Pembelajaran
Blended Learning dalam Meningkatkan Pemahaman Konsep Hasil Belajar Siswa: Sebuah Meta-
Analisis. Al Khawarizmi: Jurnal Pendidikan dan Pembelajaran Matematika, 5(1), 48-63.

Li, S., & Wang, W. (2022). Effect of blended learning on student performance in K-12 settings: A
meta-analysis.  Journal of Computer Assisted Learning, 38(5), 1254-1272.
https://doi.org/10.1111/jcal.12696

43



Kong, S. C.,, Hsu, T. C., & Zhao, J. H. (Eds.). (2025). Proceedings of the 9th International Conference on
Computational Thinking and STEM Education. Hong Kong: The Asia-Pacific Society for Computers in Education.

Liu, X. (2024). The role and impact of online learning platforms in higher education. Adult and
Higher Education, 6(5), 1-8. https://doi.org/10.23977/aduhe.2024.060501

Né&cher, M. J., Badenes-Ribera, L., Torrijos, C., Ballesteros, M. A., & Cebadera, E. (2021). The
effectiveness of the GoKoan e-learning platform in improving university students’ academic
performance. Studies in Educational Evaluation, 70, 101026.

Ordones, S. A. D., & Ferneda, E. (2022). The contribution of digital learning platforms to
undergraduate teaching. Revista EDICIC, 2(2), 1-11.

Rakic, S., Tasic, N., Marjanovic, U., Softic, S., Liftenegger, E., & Turcin, I. (2020). Student
performance on an e-learning platform: Mixed method approach. International Journal of
Emerging Technologies in Learning (1JET), 15(2), 187-203.

Schunk, D. H., & Zimmerman, B. J. (1994). Self-regulation of learning and performance: Issues and
educational applications. Lawrence Erlbaum Associates Inc.

Tuilan, J. (2023). Self-regulated learning In blended learning environment. Script Journal: Journal of
Linguistics and English Teaching, 8(2), 154-162.

Vosniadou, S. (2020). Bridging secondary and higher education. The importance of self-regulated
learning. European Review, 28(S1), S94-S103.

Xie, H., & Wei, L. (2020). Design of networked and digital teaching platform based on big data.
Journal of Physics: Conference Series, 1575(1), 012120.

Zhao, M., Liao, H.-T., & Sun, S.-P. (2020). An education literature review on digitization,
digitalization, datafication, and digital transformation. Advances in Social Science, Education
and Humanities Research, 435, 301-305.

44



Kong, S. C.,, Hsu, T. C., & Zhao, J. H. (Eds.). (2025). Proceedings of the 9th International Conference on
Computational Thinking and STEM Education. Hong Kong: The Asia-Pacific Society for Computers in Education.

Exploring Primary School Teachers’ Perspectives in Integrating Al into STEM

Education Through Modular STEM Activities

Pui Yiu TAMY, Muhammad ALI?, Gary K.W. WONG?
123The University of Hong Kong, Hong Kong SAR
u3573058@connect.hku.hk, akula@connect.hku.hk, wongkwg@hku.hk

Abstract: This study explores the integration of Al education into a Hong Kong primary school through modular STEM
activities, addressing challenges related to teacher preparedness and curriculum design. Collaborating with three STEM
teachers, we co-developed hands-on learning modules delivered via an after-school club. Qualitative analysis of
observations, interviews, and learning artifacts revealed teachers' initial conceptual and technical struggles, which were
mitigated by iterative co-design and low-code tools. While modular resources lowered entry barriers, dependency risks
emerged, particularly among novice educators relying on predefined learning content. Experienced teachers
demonstrated adaptive innovation, repurposing STEM pedagogies for Al contexts. Findings emphasize the dual role of
modular STEM activities—standardizing implementation while enabling flexibility for skilled educators. Furthermore,
the findings underscore the need for structured teacher professional development (TPD) that provides scaffolded support

to promote autonomy among in-service teachers, fostering critical Al literacy and pedagogical agency.

Keywords: Al education, STEM activities, teacher professional development, co-design, modular learning

1. Introduction

Educational stakeholders are collaborating to incorporate Al education into K-12 curricula, preparing the next
generation for a future shaped by rapidly advancing Al, with early exposure helping to establish a solid foundation for
future learning (Walter, 2024). Following Hong Kong's prior experience in developing an Al curriculum for secondary
schools (Chiu et al., 2022), this study serves as a pilot project focusing on age-appropriate Al education at the primary
school level to lay the groundwork for earlier and more comprehensive Al literacy. Dai et al. (2023) demonstrated that
primary school teachers can create an inclusive and accessible Al curriculum by embedding it within an existing STEM
framework while ensuring academic rigor. Therefore, we argue that active STEM exploration in Hong Kong primary
schools (Wong, 2017) provides a viable pathway for incorporating Al into the curriculum. For instance, despite the
complexity of Al, independent learning modules covering Al concepts, applications, and ethics can be developed to allow
for flexible implementation and easy entry for beginners (Kandlhofer et al., 2023). However, integrating Al into
educational settings presents challenges, particularly due to teachers' limited preparedness in this emerging arena. Ng et
al. (2022) argue that the rapid development of Al-based tools by technology companies—often without sufficient
consideration of teachers' and students' needs—may further overwhelm educators. To bridge this burgeoning gap, we
engaged in iterative co-design with three Hong Kong primary STEM teachers, implementing a series of modular STEM
activities while tracking teachers' perspectives in integrating Al into STEM education throughout the process.

2. Methods

2.1. Context and Participants
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This study was conducted in a private co-educational primary school in Hong Kong—well-equipped with STEM
learning resources—focusing on three teachers (see Table 1 for background information) who collaborated with our
research team to design and implement a series of modular STEM activities centered on Al technologies. These activities
were delivered through an after-school STEM club, comprising 17 mixed-age students from Primary 4 to Primary 6. The
students were selected for their strong interest and aptitude in STEM, as they frequently engaged in innovative projects
for STEM competitions under their teachers' guidance.

2.2. Collaboration between the research team and the teachers

To initiate the collaboration, the research team designed a preliminary framework for modular STEM activities,
integrating key aspects of STEM education, such as interdisciplinarity, constructionist learning, and real-world problem-
solving (Ali, 2021; Ali et al., 2024). This framework was developed as a robust instructional package, including teacher
guidelines, student workbooks, and activity slides. To ensure effective co-design, we first supported teachers in gaining
a broad overview of Al by providing appropriate resources and helping them create tailored learning content. Training
sessions were then conducted to guide them through each learning module while offering relevant background information.
Once they became familiar with the content, they assessed whether the planned activities aligned with students' cognitive
levels, refining or devising new activities as needed. Their feedback informed formative adjustments to the learning
modules, ensuring their relevance and effectiveness. As the implementation progressed, the teachers engaged in regular
discussions with us, reviewing and refining the content before each session. This iterative process of training, feedback,
and continuous refinement aimed to facilitate the seamless integration of Al education into the classroom.

Table 1. Background information of three teachers

Name (Pseudonym) Scott Winnie Yvette

Gender M F F

Age Range 40 - 45 25-30 20-25

Teaching Subjects Science Studies, General Math, Science Studies, Math, Computer Studies
Studies Computer Studies

Years of School 17 5 2

Subject-teaching

2.3. Final Learning Modules

Through the aforementioned collaboration, the final series of activities was implemented as five learning modules
across eight once-weekly sessions, each lasting approximately 50 minutes. These modules included: (1) “What is Al?”,
introducing Al through discussions and interactions with a virtual assistant (e.g., Siri); (2) “What is Machine Learning?”,
using Google's Quick, Draw! to demonstrate supervised learning through pattern recognition; (3) “Utilizing Machine
Learning in Daily Problem-Solving”, leveraging Google Teachable Machine (GTM) to train an image recognition model
applied to a Micro-Bit for a smart waste bin prototype; (4) “How Classifiers Work: Supervised and Unsupervised
Learning”, contrasting supervised and unsupervised methods through card-sorting activities; and (5) “Exploring GenAl
and Its Risks”, analyzing ethical concerns by comparing human- and Al-generated content (e.g., Midjourney, Sora). Each
module prioritized hands-on engagement to connect Al concepts to real-world contexts.

2.4. Data Source and Analysis

We conducted an exploratory study to gain insights into the perspectives of participating teachers in integrating Al
into their classrooms through modular STEM activities. Multiple qualitative data sources, collected across all stages of
the collaboration, were used for triangulation and to create a comprehensive description. These included: (a) participant
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observations (e.g., field notes, video recordings) from Al workshops, project meetings, and activity implementations; (b)
teaching artifacts (e.g., revised activity slides and student workbooks); and (c) post-implementation interviews, during
which each of the three teachers was individually interviewed for 45-60 minutes using semi-structured interview
questions. To analyze this extensive data, an interpretive approach was employed (Merriam, 1998). Thematic analysis
(Braun & Clarke, 2012), noted for its flexibility, was used to identify key meaning patterns and capture the major
perspectives teachers demonstrated as the collaboration progressed. Narrative analysis (Fina et al., 2021) complemented
this by preserving continuity and contradictions in teachers' experiences, offering a holistic understanding of their
thematic interpretations.

3. Findings

This section presents selected findings on the participating teachers' perspectives. The thematic analysis identified
three overarching themes that aligned with their predominant narratives, later confirmed through narrative analysis.

3.1. Challenges in Teachers' Conceptual Understanding and Technical Adaptability

The implementation of Al education revealed interconnected challenges in the teachers' conceptual understanding
and technical adaptability. Initially, knowledge-related anxiety stemmed from Al's disciplinary complexity, with
experienced educators like Scott expressing concern: “As | can't fully grasp the concept of Al, I worry about providing
students with an incorrect entry point...” (Preparatory Meeting). He also noted that the school's prior attempts to introduce
Al instruction had been hampered by teaching materials that prioritized tool-specific procedures over conceptual
explanations, forcing teachers to rely on step-by-step tutorials without fostering deeper understanding.

Targeted training sessions addressed these gaps, prompting critical reflection—for instance, Scott recognized that
traffic light tasks, with their fixed outcomes, poorly modelled machine learning's predictive logic (Training Session).
Classroom practice itself became a catalyst for growth: Winnie, a less experienced teacher, noted how teaching Al
deepened her grasp of concepts like supervised learning, while novice educator Yvette acknowledged that “reviewing the
material myself [while teaching] deepened my understanding” (Interview). Yet systemic constraints persisted. The
teachers' expertise remained bound to module content, with Winnie admitting her understanding was “limited to the slides
| teach” due to the absence of formal Al integration (Interview). This dependency hindered instructional autonomy, as
Scott conceded: “We rely heavily on your [researchers’] guidance... It's your ideas we implement” (Interview).

These conceptual uncertainties amplified technical struggles during the implementation. The teachers reported that
programming complexity—evident in prior STEM lessons derailed by Python coding errors (Winnie, Preparatory
Meeting)—prompted choices of low-code tools like GTM and Micro-Bit. While these tools enabled tangible projects
(e.g., Al-powered smart trash bins) and reduced syntax barriers, they risked oversimplification. Scott critiqued GTM's
narrow utility, stating, “The model can't distinguish glass from plastics, limiting real-world problem-solving” (Progress
Meeting), while interdisciplinary knowledge gaps hindered deeper task elaboration. Attempts to leverage GenAl (e.g.,
GPT-40) for code generation failed due to prompt specificity demands, revealing persistent reliance on external expertise.

3.2. Teachers' Adaptation of Al Instruction Through Existing Pedagogical Expertise

Leveraging their experience in project-based and inquiry-based STEM teaching, the teachers intuitively adopted
constructionist approaches to co-design the learning modules, despite their limited Al expertise. They applied these
approaches in Al contexts, for example, by integrating interactions with Siri—a virtual assistant that students were
familiar with—to highlight Al's prevalence and key features, such as natural interaction, through firsthand experience.
Most notably, post-implementation reflections reinforced the value of hands-on, experiential learning. Scott noted that
tools like GTM boosted engagement by letting students “experiment with real-life scenarios” (Interview), while Yvette
emphasized how Quick, Draw! demystified machine learning through direct interaction with input-output cycles: “We
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should find more tools like Quick, Draw! for students to experience... Letting them further explore the underlying
mechanisms” (Interview).

Furthermore, the teachers demonstrated their capacity for proactive problem-solving in adapting Al tools. For
example, when students became confused while training the image recognition model on GTM, Scott identified the source
of the confusion: non-standardized target objects (i.e., using various types of waste bags, as seen in Figure 1, left). He
then decided to standardize the task using specific waste bags from an MSW charging scheme (Figure 1, right) as the
training objects, enhancing the task authenticity. Due to the scarcity of these bags at the time, Scott visited multiple
convenience stores to procure them and shared this effort with the students during the lesson: ““I ran to several convenience
stores for the bags” (Lesson Observation). As a result, the students better understood the task setting and successfully
developed the corresponding Al model.

::::::
------

: . - ARReTE
Figure 1. Non-standard target objects (left) and a standard designated bag as the target object (right).

3.3. The Dual Role of Modular Design in Al Education Adoption

Initially, the teachers exhibited a high degree of dependency on the research team for activity design, preferring that
the team provide complete teaching content. Accordingly, the structured guidance of the modules (including step-by-step
procedures and visual aids) lowered the implementation threshold. Winnie noted that the resources clarified uncertainties:
“We can identify the problems [within the resources] and instantly ask you if unclear” (Interview). Scott advocated for
the necessity of modularity for scalability: “It enables teachers to start first, improve through trial and error... critical
for primary schools” (Interview). However, adoption differed among the teachers. Scott, the most experienced teacher,
proactively customized the activities based on his previous STEM teaching experience. Meanwhile, the two younger
teachers, Winnie and Yvette, preferred following the original design and focused on the integrity of delivering the content.
Scott observed: “The other two teachers are younger, still being trained in our atmosphere to complete tasks. But when |
am a bit older, | would think that if some things can be cut and are not that important, I'd rather spend more time on
essential aspects” (Interview). These differences suggest that professional stage can affect Al integration. The
experienced teacher demonstrated adaptable innovativeness, while the younger teachers relied on the well-structured
content to avoid the risk of uncertainty. This divergence highlights the dual role of modular design—standardizing
implementation for broad adoption while enabling adaptable educators to innovate within flexible frameworks.

4. Discussion

4.1. Scaffolding Al Education: Bridging Tools, Dependency and Autonomy

Modular instructional design and low-code Al tools collectively function as dual scaffolding mechanisms, lowering
barriers to Al education adoption. While modular resources enable teachers to bypass content-reconstruction challenges
and focus on pedagogical execution, low-code tools simplify technical implementation through drag-and-drop interfaces
(Kim & Kwon, 2024). However, both approaches risk perpetuating dependency: teachers remain reliant on predefined
modules for lesson design and prepackaged tool workflows that obscure algorithmic transparency, exemplifying the

limitations of over-scaffolding—where rigid structures inhibit autonomous conceptual exploration.
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To foster sustained autonomy, teacher professional development (TPD) for Al education must strategically balance
structured support (e.g., modular instructional designs) to reduce entry barriers with adaptive competency-building. This
dual approach addresses Al's inherent complexity while empowering educators to innovate beyond prescriptive
frameworks. Future research should refine the Al-integrated Technological Pedagogical Content Knowledge (TPACK)
model (Ng et al., 2022; Kim et al., 2021), bridging pre-service training in higher education with in-service TPD to position
educators as intentional designers of Al pedagogy.

For technological knowledge (TK) (Koehler & Mishra, 2005), future designs should integrate explanatory
scaffolding—Ilayered interfaces that progressively reveal Al principles (e.g., CNN Explainer), enabling learners to
transition from basic algorithmic logic to complex applications. Additionally, with GenAl's rapid development, educators
and learners can leverage personalized programming assistants to interpret complex concepts and debug code
(Boguslawski et al., 2025). Notably, effectively utilizing these tools requires foundational proficiency in GenAl
applications. By strengthening TK, educators can demystify Al's ‘black box” in classrooms, ensuring sustained technical
accessibility.

4.2. PCK-Driven Collaborations among Differentiated Educators for Effective TPD

This study observed divergent trajectories in Al instructional design adoption among three teachers, shaped by their
professional development stage. The experienced educator demonstrated agency in innovating module content, suggesting
that structured modules can act as catalysts for teacher-led innovation rather than rigid scripts. In contrast, novice teachers
adhered closely to pre-set workflows, prioritizing fidelity to mitigate risks associated with unfamiliar Al pedagogies—a
behavior consistent with early-career teachers' reliance on external guidance to navigate complexity (Berliner, 2004).
Notably, even the most novice teacher contributed ideas for integrating individual innovations to refine the design. As the
teachers' pedagogical content knowledge (PCK) surpassed the modules' preset boundaries, this finding echoes Desimone's
(2009) assertion that PCK maturation enables educators to adapt standardized resources to context-specific needs. To
leverage such dynamics, we propose differentiated collaborative strategies for TPD. First, scaffold early-career teachers
through cognitive apprenticeships (Kolikant et al., 2006), pairing them with seasoned peers to co-design modules, thereby
reducing anxiety while fostering creative agency. Second, institutionalize cross-phase communities of practice (Lave &
Wenger, 1991), where veteran teachers model iterative design processes, demystifying innovation for novices.

Nevertheless, this study reveals that modular STEM activities provide primary educators with accessible entry points
for Al instruction. However, sustained integration requires structured TPD that extends beyond basic adoption. While
teachers demonstrated adaptive reuse of STEM pedagogy in Al contexts, effective curriculum integration necessitates
ongoing support to ensure age-appropriate learning. Although initial success largely stems from educators' prior STEM
expertise, long-term efficacy depends on TPD aligned with TPACK, fostering autonomous pedagogical innovation rather
than passive compliance. Crucially, TPD must also prioritize educators' critical evaluation of Al tools, particularly the
epistemic assumptions of these technologies and their alignment with the constructionist principles of STEM education.

References

Ali, M. (2021). State of STEM Education in Hong Kong: A Policy Review. Academia Letters, Article 3680.
https://doi.org/10.20935/AL 3680

Ali, M., Wong, G. K.-W., & Ma, M. (2024). K-12 Pre-service Teachers' Perspectives on Al Models and Computational
Thinking: The Insights from an Interpretative Research Inquiry. Proceedings of the 8th APSCE International
Conference on Computational Thinking and STEM Education (CTE-STEM 2024), 8(1), 66-71.
https://doi.org/10.5281/zenodo.11559685

Braun, V., & Clarke, V. (2012). Thematic analysis. In H. Cooper, P. M. Camic, D. L. Long, A. T. Panter, D. Rindskopf,
& K. J. Sher (Eds.), APA handbook of research methods in psychology, Vol 2: Research designs: Quantitative,

49


https://doi.org/10.20935/AL3680
https://doi.org/10.5281/zenodo.11559685

Kong, S. C.,, Hsu, T. C., & Zhao, J. H. (Eds.). (2025). Proceedings of the 9th International Conference on
Computational Thinking and STEM Education. Hong Kong: The Asia-Pacific Society for Computers in Education.

qualitative, neuropsychological, and biological. (pp. 57-71). American Psychological Association.
https://doi.org/10.1037/13620-004

Berliner, D. C. (2004). Describing the Behavior and Documenting the Accomplishments of Expert Teachers. Bulletin of
Science, Technology & Society, 24(3), 200-212. https://doi.org/10.1177/0270467604265535

Boguslawski, S., Deer, R., & Dawson, M. G. (2025). Programming education and learner motivation in the age of
generative Al: Student and educator perspectives. Information and Learning Sciences, 126(1/2), 91-109.
https://doi.org/10.1108/ILS-10-2023-0163

Chiu, T. K. F., Meng, H., Chai, C.-S., King, I., Wong, S., & Yam, Y. (2022). Creation and Evaluation of a Pretertiary
Artificial  Intelligence  (Al)  Curriculum. IEEE  Transactions on Education, 65(1), 30-39.
https://doi.org/10.1109/TE.2021.3085878

Dai, Y., Liu, A., Qin, J., Guo, Y., Jong, M. S,, Chai, C., & Lin, Z. (2023). Collaborative construction of artificial
intelligence curriculum in primary schools. Journal of Engineering Education, 112(1), 23-42.
https://doi.org/10.1002/jee.20503

De Fina, A. (2021). Doing narrative analysis from a narratives-as-practices perspective. Narrative Inquiry, 31(1), 49-71.
https://doi.org/10.1075/ni.20067.def

Desimone, L. M. (2009). Improving Impact Studies of Teachers' Professional Development: Toward Better
Conceptualizations and Measures. Educational Researcher, 38(3), 181-199.
https://doi.org/10.3102/0013189X08331140

Kandlhofer, M., Weixelbraun, P., Menzinger, M., Steinbauer-Wagner, G., & Kemenesi, A. (2023). Education and
Awareness for Artificial Intelligence. In J.-P. Pellet & G. Parriaux (Eds.), Informatics in Schools. Beyond Bits and
Bytes: Nurturing Informatics Intelligence in Education (Vol. 14296, pp. 3-12). Springer Nature Switzerland.
https://doi.org/10.1007/978-3-031-44900-0_1

Kim, K., & Kwon, K. (2024). Tangible computing tools in Al education: Approach to improve elementary students'
knowledge, perception, and behavioral intention towards Al. Education and Information Technologies, 29(13),
16125-16156. https://doi.org/10.1007/s10639-024-12497-2

Kim, S., Jang, Y., Choi, S., Kim, W., Jung, H., Kim, S., & Kim, H. (2021). Analyzing Teacher Competency with TPACK
for K-12 Al Education. KI - Kinstliche Intelligenz, 35(2), 139-151. https://doi.org/10.1007/s13218-021-00731-9

Koehler, M. J., & Mishra, P. (2005). Teachers Learning Technology by Design. Journal of Computing in Teacher
Education, 21(3), 94-102. https://doi.org/10.1080/10402454.2005.10784518

Kolikant, Y. B.-D., Gatchell, D. W., Hirsch, P. L., & Linsenmeier, R. A. (2006). A Cognitive-Apprenticeship-Inspired
Instructional Approach for Teaching Scientific Writing and Reading. Journal of College Science Teaching, 36(3),
20-25.

Lave, J. (with Wenger, E.). (1991). Situated learning: Legitimate peripheral participation. Cambridge University Press.

Merriam, S. B. (1998). Qualitative Research and Case Study Applications in Education—Revised and Expanded from
“Case Study Research in Education.” Jossey-Bass Publishers, 350 Sansome St, San Francisco, CA 94104.

Ng, D. T. K,, Leung, J. K. L., Su, M. J,, Yim, I. H. Y., Qiao, M. S., & Chu, S. K. W. (2022). Al Literacy in K-16
Classrooms. Springer International Publishing. https://doi.org/10.1007/978-3-031-18880-0

Walter, Y. (2024). Embracing the future of Artificial Intelligence in the classroom: The relevance of Al literacy, prompt
engineering, and critical thinking in modern education. International Journal of Educational Technology in Higher
Education, 21(1), 15. https://doi.org/10.1186/s41239-024-00448-3

Wong, G. K. W. (2017). Integrative learning in K-12 STEM education: How to prepare the first step? 2017 IEEE 6th
International Conference on Teaching, Assessment, and Learning for Engineering (TALE), 80-87.
https://doi.org/10.1109/TALE.2017.8252308

50


https://doi.org/10.1037/13620-004
https://doi.org/10.1177/0270467604265535
https://doi.org/10.1108/ILS-10-2023-0163
https://doi.org/10.1109/TE.2021.3085878
https://doi.org/10.1002/jee.20503
https://doi.org/10.1075/ni.20067.def
https://doi.org/10.3102/0013189X08331140
https://doi.org/10.1007/978-3-031-44900-0_1
https://doi.org/10.1007/s10639-024-12497-2
https://doi.org/10.1007/s13218-021-00731-9
https://doi.org/10.1080/10402454.2005.10784518
https://doi.org/10.1007/978-3-031-18880-0
https://doi.org/10.1186/s41239-024-00448-3
https://doi.org/10.1109/TALE.2017.8252308

Kong, S. C.,, Hsu, T. C., & Zhao, J. H. (Eds.). (2025). Proceedings of the 9th International Conference on
Computational Thinking and STEM Education. Hong Kong: The Asia-Pacific Society for Computers in Education.

Exploring Teacher Beliefs about Teaching AI Ethics Under National Curriculum

Reform: A Theory of Planned Behavior Perspective
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Abstract: This study investigates secondary school teachers’beliefs about teaching Al ethics within the context of China s
national curriculum reform. Grounded in the Theory of Planned Behavior (TPB), the research analyzes semi-structured
interviews with 14 in-service technology teachers experienced in delivering Al curricula. Findings reveal teachers’ beliefs
across three TPB domains: 1) behavioral beliefs (perceived benefits and challenges of teaching Al ethics), 2) normative
beliefs (social and institutional expectations), and 3) control beliefs (perceived self-efficacy and resource availability).
These insights highlight the complex interplay between personal, social, and structural factors shaping Al ethics
education. The study contributes to the growing discourse on Al literacy by offering evidence-based recommendations for
teacher professional development and curriculum design, ultimately supporting effective Al education integration in

schools.

Keywords: Al ethics education, Theory of Planned Behavior (TPB), Teacher Beliefs, Curriculum Reform

1. Introduction

Al education is increasingly being integrated into K-12 curricula worldwide, driven by the global push for Al literacy,
which reflects the growing recognition of Al's curricula role in shaping future human society (Miao & Shiohira, 2022;
Ng et al., 2023). Central to many well-established Al literacy frameworks is the emphasis on Al ethics, referring to the
competence of effectively engaging with Al in an ethical and responsible manner (e.g., Kong et al., 2024; Long &
Magerko, 2020; Stolpe & Hallstrom, 2024; Wong et al., 2020). However, the teaching of Al ethics, which is essential for
K-12 students to develop their Al literacy, remains largely underprioritized among educators. According to UNESCO
report of government-endorsed Al curricular report, Al ethics is the part with high commitment but least implementation
in the K-12 classroom (Miao & Shiohira, 2022). Particularly in China, while the government mandated that high school
students (Grades 10-12) begin learning Al in 2018 and introduced a new compulsory National Information Science &
Technology Curriculum Standard (Grades K-9) in 2022, with Al ethics as a key learning area, a recent analysis of teachers’
classroom instructions revealed that Al ethics accounts for only 5.1% of overall Al classroom instruction, highlighting a
significant practical gap in its practical implementation (Wu et al., 2024).

Research on teachers’ cognitions has consistently demonstrated that teachers’ beliefs play as central roles in shaping
their classroom behaviors, such as acting as filters, interpretive devices, and transformers of externally developed
curricular intentions (Borko & Putnam, 1996; Kagan, 1990; Pajares, 1992), These beliefs significantly impact the success
of curriculum reforms across different subjects and cultural contexts (Bryan, 2012; Ham & Dekkers, 2019; Handal &
Herrington, 2003). However, existing literature on K-12 Al education lacks insights into teachers’ beliefs, particularly in
the context of national curriculum reform and their perspectives on teaching Al ethics. Although a few studies have
explored teachers’ conceptions or perspectives of overall Al or ML education (e.g., Williams et al., 2021; Yau et al.,
2023), Al ethics were only briefly mentioned as an essential component, without in-depth investigation into how they are
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integrated or taught. Moreover, most of these studies have been conducted within the context co-designed Al initiatives
with researchers, rather than through top-down curriculum implementation. Therefore, this study aims to understand

teachers’ beliefs and practices in teaching Al ethics within the context of the national curriculum reform in China.

2. Theoretical Framework

We employed the Theory of Planned Behavior (TPB) (Ajzen, 1985, 1991), a prominent framework that has been
widely used in previous literature to study teachers’ beliefs and how these beliefs influence their professional behaviors
across various subjects (e.g., Urton et al., 2023; VVoet & De Wever, 2020). TPB provides a structural overview of teachers’
beliefs in three dimensions: behavioral beliefs, normative beliefs, and control beliefs (See Figure 1). These belief-based
measures serve as the foundational antecedents to the core constructs of TPB—attitudes, subjective norms, and perceived
behavioral control—and offer a nuanced understanding of the cognitive and social factors that shape teachers' intentions
and behaviors. Behavioral beliefs refer to teachers’ perceptions about the likely outcomes of performing a specific
behavior and the evaluations of those outcomes, which translate into attitudes toward the behavior. Normative beliefs
reflect teachers’ perceptions of the social pressures to perform or not perform a behavior, shaped by the expectations of
significant others, such as colleagues, school administrators, parents, and educational policymakers. Control beliefs refer
to teachers’ perceived ability to perform a behavior, encompassing their perceptions of both internal factors (e.g., self-
efficacy, knowledge, and skills) and external factors (e.g., resources, institutional support, and time constraints) that may
facilitate or hinder their actions. This study investigates behavioral, normative, and control beliefs to identify the
underlying factors shaping teachers’ attitudes, subjective norms, and perceived behavioral control in implementing Al
ethics education. Specifically, the paper addresses the following research question: What key factors influence teachers’

beliefs about teaching Al ethics?
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Figure 1. Theory of Planned Behavior, modified from Ajzen (1985, 1991)

3. Methods

3.1. Participants and contexts

Qualitative interviews were conducted with 14 secondary technology teachers. These teachers are in-service teachers
of information technology, in public secondary schools, of the great bay areas in China.

3.2. Procedure

Semi-structured interviews (15-50 minutes, M = 32 minutes) explored teachers’ pedagogical experiences of
teaching Al ethics. Interviews continued until data saturation, conducted via videoconference, audio-recorded, and
transcribed verbatim. The transcripts were initially in Chinese and then translated into English for analysis. Ethical

protocols included informed consent and anonymization.
3.3. Data analysis

Data were analyzed using thematic analysis based on Braun and Clarke's (2006) framework, combining both
deductive and inductive coding approaches. The analysis was guided by the Theory of Planned Behavior (TPB), with the
initial coding scheme derived from the three core components of TPB: Behavioral Beliefs, Normative Beliefs, and Control
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Beliefs. These predefined categories were used to analyze teachers' beliefs regarding Al ethics education. In addition to
the deductive coding, an inductive coding process allowed for the emergence of new themes that were not explicitly

captured by the TPB framework.

4. Results

4.1. Behavioral beliefs

The Behavioral Beliefs category explored teachers’ perceptions of the benefits of teaching Al ethics, with a strong
emphasis on its importance in preparing students for an Al-driven future. Teachers consistently recognized Al ethics as a
crucial component of the curriculum. As Teacher 2 stated, “It (Al ethics) is very important after adding this course because
nowadays this artificial intelligence along with this. Computer. The development of computational power. Unlike some
of the past, Semi-automated artificial intelligence, now the artificial intelligence, it's this. Intelligent degrees are very high,
it can be applied in many emerging fields. For example, the current is very hot. Autopilot, driverless, which involves
many ethical issues within that.” This reflects the perceived importance of Al ethics integration in the IT curriculum,
highlighting how teachers value Al ethics as foundational for students' understanding of the societal impact of Al. While
teachers acknowledged the importance of teaching Al ethics, they also identified significant challenges in doing so. The
primary challenge was the complexity of Al ethics, with teachers highlighting the difficulty of addressing abstract and
multifaceted issues that need to be addressed. As Teacher 6 noted, “Al ethics is a complex subject... it involves many
issues, like data privacy and the attribution of responsibility.” Another major challenge mentioned was the difficulty of
keeping up with the rapid development of Al technology. Teachers expressed concern about the need to maintain the
currency and relevance of the content in a field that evolves so quickly. As one teacher observed, “Maintaining the
currency and relevance of the content is challenging due to rapid Al development. Ethical issues evolve with the
technology.”

Many teachers also discussed the moral responsibility of students when engaging with Al technologies. For example,
Teacher 5 remarked, “Artificial intelligence has both pros and cons. For example, it may involve data awareness... students
need to understand how to use it responsibly.” This statement aligns with the moral development aspect of behavioral
beliefs, where teachers emphasized the necessity for students to not only understand the technical aspects of Al but also
its ethical implications, fostering responsible usage of technology. Furthermore, teachers highlighted the real-world
relevance of Al ethics, noting that Al is already integrated into daily life through technologies like smartphones and voice
assistants. As Teacher 9 pointed out, “Al is already in our lives, like in smartphones and voice assistants, so students
need to learn the ethical implications of these technologies.” This statement reinforces the notion that teaching Al ethics
is essential for helping students understand the practical applications of Al and the ethical dilemmas associated with its
use in everyday settings. Additionally, a few teachers also noted that Al ethics aligned with their personal values of
education. or example, Teacher 12, who also serves as the school's chancellor, emphasized that the ultimate goal of his
educational philosophy is to nurture well-rounded individuals who are not only technical experts but also responsible and

engaged citizens.
4.2. Normative beliefs

The Normative Beliefs category reflects the external influences that shape teachers' perceptions of the importance
and necessity of teaching Al ethics, including peer expectations, school leadership, and curriculum policies. First, teachers
frequently discussed how their school's stance on Al ethics shaped their own teaching priorities. As Teacher 4 noted, “If
the school management recognizes the importance of Al, there will definitely be pressure on us to teach it.” Additionally,

Teacher 8 reported that although local educational authorities aim to push Al education in IT classrooms, many schools
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have yet to implement it, primarily due to a lack of attention and insufficient qualified teachers. This highlights the
significant role of school leadership in either supporting or pressuring teachers to integrate Al ethics into their curriculum.

Another significant external influence was the lack of peer collaboration on teaching Al ethics. While teachers
acknowledged the importance of the subject, opportunities for peer discussions and collaboration on effective teaching
strategies for Al ethics were limited. As Teacher 5 observed, “We talked about Al ethics once or twice, but no real
collaboration has happened yet.” This suggests that, although teachers recognize the importance of Al ethics, peer support
for developing teaching strategies remains minimal, likely due to a lack of formal structures or institutional guidance on
this topic. Despite limited peer collaboration, teachers generally agreed on the importance of teaching Al ethics. As
Teacher 13 stated, “In my discussions with other teachers, there's a general consensus that Al is an important development.
It should be included in teaching. Recognize and support!” This statement highlights a shared understanding among
teachers of the subject's significance but also underscores the lack of formalized support and collaboration in developing
strategies to teach Al ethics effectively.

Additionally, the perceived interest of students in Al ethics also influenced teachers' attitudes towards teaching the
subject. Teachers observed that students, particularly those who are already familiar with Al technologies like
smartphones and social media, expressed increasing curiosity about the ethical issues surrounding Al. As Teacher 1 stated,
“Students are really curious about the consequences of Al, especially when we talk about issues like privacy and
responsibility in Al systems.” This perceived student interest adds an external layer of pressure for teachers to include Al
ethics in their curriculum, as students’ curiosity is growing, potentially influencing teachers' decisions to address the topic.
Finally, external curriculum reforms and policies also shaped teachers' beliefs. While some teachers were optimistic about
future developments in the curriculum, others expressed frustration with the lack of timely updates of the documents.
Teacher 6 mentioned, “The curriculum standards are not always up to date with the latest Al developments, so we have
to make adjustments on our own.” This points to a gap between official educational policies and the real-world pace of
Al technology, which can make it difficult for teachers to stay aligned with current developments and ensure that their
teaching remains relevant.

4.3. Control beliefs

The Control Beliefs category reflects teachers’ perceptions of the resources, constraints, and institutional support that
influence their ability to effectively teach Al ethics. Teachers frequently discussed the challenges they faced in terms of
available resources, personal expertise, and institutional support, which shaped their perceptions of the feasibility of
teaching the subject. Specifically, Teachers identified significant barriers to teaching Al ethics due to limited hardware
and software tools. Teacher 6 shared, “The (Al-based) hardware is still more restrictive... we cannot do that for all classes.”
This statement highlights the lack of technological resources necessary to implement practical, hands-on lessons in Al
ethics. While some teachers managed to conduct basic Al experiments with limited resources, the absence of more
advanced tools hindered the depth and breadth of their lessons on Al ethics.

Another significant issue raised by teachers was their lack of personal expertise and the need for professional
development in Al ethics. Many teachers acknowledged that they had not received formal training on the topic and were
self-learning in order to teach Al ethics to their students. Teacher 4 noted, “If you're not familiar with it, you don’t know
how to approach it... we need more training.” Similarly, teacher 2 also expressed that “I don't have a systematic way to
learn these Al techniques, and he requires a very wide range of knowledge. Knowledge is very broad. I did not. In-depth
to specialize in this knowledge (Al ethics) just now. Just from a very shallow surface to communicate with students...”.
These statements reflect a strong need for professional development opportunities, which teachers felt were essential for
their ability to teach Al ethics effectively but were often lacking or insufficient.

Teachers also pointed to institutional support as a critical factor in their ability to teach Al ethics. While some schools

offered general support and teaching resources, others were less proactive in assisting teachers with implementing Al
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ethics in the curriculum. Teacher 5 mentioned, “If the school has that in mind and then has these training materials... then
I think it will have a big impact.” This emphasizes the importance of institutional backing, including training materials
and structured guidance, in enabling teachers to teach Al ethics effectively. Additionally, classroom constraints such as
time limitations and an overloaded curriculum were highlighted as significant barriers. Many teachers felt that the fast-
paced curriculum left little room for in-depth discussions on Al ethics. As Teacher 8 explained, “With the packed
curriculum, we don’t have enough time to go in-depth into Al ethics.” This reflects the challenge of fitting Al ethics into
an already crowded schedule, making it difficult for teachers to dedicate sufficient time and attention to the subject.

5. Discussion

This study highlights several key challenges faced by teachers in integrating Al ethics into the curriculum. While a
few teachers have experience teaching Al ethics, the majority expressed a lack of confidence due to gaps in their
knowledge and the lack of adequate resources, such as textbooks and access to Al applications. These challenges, along
with the need for greater peer support and collaboration, point to significant barriers in the effective teaching of Al ethics,
presented as below:

1.  Lack of Knowledge and Confidence: A common theme among teachers was the lack of expertise in Al ethics,
which directly impacted their confidence in teaching the subject. Many teachers reported feeling unprepared to tackle the
complex ethical issues associated with Al, such as data privacy and responsibility attribution. Without sufficient training
or professional development, teachers found it difficult to engage with these abstract and multifaceted topics.

2. Resource Constraints: Teachers also highlighted the lack of resources available to support the teaching of Al
ethics. While some had access to basic materials or local textbooks, these were often outdated or insufficiently detailed
for teaching Al ethics effectively. The absence of Al applications and hands-on tools was a significant barrier, as teachers
were unable to fully demonstrate the practical implications of Al ethics in their classrooms.

3. Need for Peer Support and Collaboration: Another prominent challenge was the lack of collaboration among
teachers. While teachers acknowledged the importance of Al ethics, they reported limited peer support and collaborative
opportunities for discussing and teaching the subject. This finding indicates that peer networks could play a critical role

in enhancing teachers' confidence and sharing teaching strategies for Al ethics.

6. Implications

The findings underscore the need for targeted professional development to address the knowledge gaps teachers face
in teaching Al ethics. Schools and educational authorities must provide comprehensive training to ensure teachers feel
confident in their ability to engage students with complex ethical issues related to Al. Additionally, schools must prioritize
the provision of updated resources, including textbooks and access to Al tools, to support teachers in implementing Al
ethics lessons effectively. Furthermore, fostering peer support and creating collaborative opportunities for teachers to
exchange knowledge and strategies will be crucial in overcoming the isolation many teachers feel when teaching Al ethics.
Formal communities of practice or teacher networks could help build a supportive environment where teachers can share
resources and discuss best practices.

Future studies could delve deeper into how peer collaboration and the establishment of practice influence teachers'
beliefs and practices regarding the teaching of Al ethics. Given the challenges highlighted by teachers in this study,
particularly around limited peer collaboration and lack of support, it is important to investigate how professional learning
communities or teacher networks can foster shared knowledge, enhance confidence, and help teachers develop more
effective teaching strategies for Al ethics. Research could explore how these communities can provide a platform for
teachers to discuss best practices, share resources, and co-develop curricula, thereby potentially reshaping their beliefs

about the importance and feasibility of teaching Al ethics in the classroom.
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Abstract: As computational thinking (CT) becomes a fundamental literacy in the digital age, educators are increasingly
focused on bringing it into real-world classrooms with young children. Based on the theorization of situated learning
framing, 13 children in eastern China were involved in a two-hour activity, designing routes for a community map. This
exploratory qualitative case study analyses children's behaviors and teacher intervention strategies in CT collaborative
tasks through video recording and teacher interviews. The findings reveal the relationships between young children's
learning (e.g., wandering, conflict, independent task division, and co-constructive problem solving) and the
corresponding teachers’ intervention strategies (e.g., goal reminding, resource allocation, and guiding questions). This
study indicates that co-constructive problem solving is not a linear progression, but a fluctuating process marked by
conflicts and setbacks. The study suggests that teachers can attempt to design tasks that require simultaneous

collaboration and provide concrete demonstrations to help young children "see" the collaborative process.

Keywords: Computational Thinking, Early Childhood Education, Collaborative Learning Task, Teacher Intervention
Strategy

1. Introduction

As computational thinking (CT) becomes a fundamental literacy in the digital age, educators are increasingly focused
on bringing it into real-world classrooms with young children. Sometimes, teaching CT is essential in teaching
programming skills (Liu, 2023) while neglecting its nature—a systematic way of thinking to solve complex problems
(Brennan & Resnick, 2012). This limitation is evident when attempting to bring CT into early childhood education: If
students rely on isolated technical operations (such as writing simple commands), they may struggle to see the connection
between CT and real life, let alone experience its value as a “socio-cognitive tool” (Sullivan & Bers, 2018). The integration
of collaborative learning and contextualized task design offers a direction to address this gap in practice. By engaging
with real-world problems and navigating their complexities, young learners can leverage technology to develop self-
expression skills and strengthen their sense of community belonging (Liu et al., 2024). More importantly, they can come
to understand CT as a problem-solving approach applicable to everyday life, bridging the gap between technology and
real-world challenges. This study draws on a situated framing for CT (see Kafai & Proctor, 2022) as the theoretical
foundation for discussing an approach to learning CT through collaboration with young children. We have designed a
hybrid-media collaborative task, where children work together using art and electronic media to solve a real-world
problem. In this process, especially for younger children, the role of the teacher is indispensable. In this study, we aim to
explore the different intervention strategies teachers adopt in collaborative CT learning for younger children, as well as

how these strategies influence students' collaborative learning. Therefore, we focus on two research questions: 1. What
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kinds of behaviors emerge among young children in CT collaborative tasks? 2. What are the teacher’s intervention

strategies for children’s learning? Which strategies effectively promote children’s co-constructive problem solving?

2. Theoretical Perspective

The theoretical development of collaborative learning has long centered on the question of how to achieve deep
collaboration. Among these discussions, Kafai and Proctor’s (2022) situated framing provides a crucial perspective for
understanding the dynamics of collaboration in real classrooms. This theory emphasizes that the development of
Computational Thinking (CT) must be grounded in authentic contexts, where learners naturally develop a need for
collaboration by solving complex problems closely tied to real life. Existing research on collaborative CT learning in
early childhood education has often been based on a cognitive framing approach, focusing on misunderstandings of
programming concepts, the various challenges, and their attitudes toward programming (Zeng et al., 2023). However, this
approach frequently results in independent task division: students mechanically divide tasks and ultimately piece together
their work (e.g., Pugnali et al., 2017; Sullivan & Bers, 2018) without engaging in deep interactions such as goal
negotiation or conflict resolution. A key limitation of cognitive framing is its focus on individual learning outcomes,
overlooking social and cultural contexts (Lave & Wenger, 1991). Even in collaborative settings like pair programming,
the emphasis remains on coordinating individual interactions (Campe et al., 2020). In response to this limitation, our study
proposes problem-driven collaboration.

Through a situated framing, our design refines the teacher’s role as a “collaboration facilitator”, whose primary
function is to activate children’s ability to negotiate autonomously through strategic interventions (such as questioning
and conflict mediation), rather than making decisions on their behalf. This non-intrusive style not only preserves young
children’s motivation for exploration but also combines the CT practices and the dynamics of collaboration (Wang et al.,
2020) - they negotiate goals to break down tasks, refine their models through debugging to grasp “iterative optimization,”

and ultimately construct their understanding of CT through teamwork.

3. Research Methodology

3.1. Research Design

Based on Kafai and Proctor’s theorization (2022), we designed an after-school activity in eastern China concerning
the design of the navigation for a community map. The participants were 13 children aged 4 to 12, divided into four
groups. The activity was observed and guided by one lead teacher and one assistant teacher. The children had one hour
of group collaboration to complete their projects. During the session, the children used artistic materials (such as foam
boards and light clay) along with electronic media (such as LED lights, buzzers, and small recorders) to create a 3D
version of a community map. Through hands-on activities, they explored concepts such as size, shape, and orientation.
Finally, the task encouraged the children to think about how to improve the navigation design to make it more user-
friendly and reflect these improvements in their creations.

3.2. Data Collection and Analysis

To better understand the different behaviors in children’s collaboration and the teachers’ intervention strategies, we
conducted an exploratory qualitative case study (Stake, 1995, 2010). The data was collected through the following
methods: (1) Video recording: Capture the entire group interaction process, including verbal communication, material
usage, and teacher interventions. (2) Teacher interviews: Conduct semi-structured interviews after the activity to
understand the reasoning behind teachers' intervention strategies. All video and interview data were transcribed in both

Mandarin Chinese and English by a researcher. To ensure the accuracy of the English transcripts and interpretations, we
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carried out a rigorous verification process that involved cross-checking by two researchers and participant validation to
reach a consensus.

For data analysis, we used open coding and thematic analysis to construct an emerging engagement model, applying
a holistic coding approach during the first cycle of coding (Saldafia, 2014). To further explore the dynamic nature of
student collaboration and the corresponding teacher intervention strategies, our analysis focused on one group consisting
of four students: three boys of similar age (Andy, Hugo, and David, 7-8 years old) and a younger girl (Cecilia, 4 years
old). We separately coded students’ learning in CT collaborative tasks (Table 1) and teacher intervention strategies (Table
2). We then mapped the teacher’s intervention strategies onto different student learning and incorporated teachers’

interpretations to understand their decision-making logic (Table 3). To illustrate the findings, we created a timeline

visualization (Figure 1) to reveal the temporal relationship between students’ learning and teacher interventions.

Table 1. Coding of student learning in CT collaborative tasks

Student Learning

Definition

Wandering The student is unfocused, not participating in the group task, either observing passively or engaging
in independent activities.
Conflict Disagreements (e.g., conflicts for ideas) lead to verbal or behavioral opposition.

Progress Stagnation
Independent Task Division

Co-Constructive Problem
Solving

The task is halted due to technical difficulties (e.g., broken electronic media) or cognitive

limitations (e.g., spatial understanding difficulties).

Group members divide tasks without interdependency (e.g., division of labor without shared

understanding and goals).

Group members engage in deep interactions centered around problem-solving (e.g., discussions,

integrating ideas, and co-construction).

Table 2. Coding of teacher intervention strategies

Intervention Strategy

Definition

Goal Reminding

shared problem.

Directive Intervention
Indirect Intervention

The teacher reminds students of the task objectives through questions or prompts to refocus them on a

The teacher gives explicit instructions for students to follow.
The teacher encourages collaboration indirectly, such as encouraging collaboration in a way of

thinking about what ‘my team is doing’ rather than ‘what I am doing’.

Conflict Mediation The teacher facilitates resolution by listening to both sides and helping them reach a mutual agreement.
Resource Allocation The teacher dynamically distributes materials based on group needs to promote collaboration.

Guiding Questions The teacher asks open-ended questions to promote students' thinking and problem-solving.
Demonstration The teacher provides a hands-on demonstration instead of verbal instructions.

Encouragement & The teacher gives positive feedback on students’ collaborative behaviors or outcomes to reinforce
Praise teamwork.

Note: the examples of categories in Tables 1 & 2 will show in Table 3

Table 3. Mapping student learning with teacher interventions

Student Teacher Example Interpretation from teachers
Learning Intervention (student learning, teachers’ strategies, and (the reasons for different strategies and
Strategy results after intervention) teachers’ reflection)
Wandering Directive When the teacher noticed Cecilia wandering Teacher: They always felt that Cecilia wasn’t
Intervention -  outside the group, she gave direct instructions to  capable enough—that she couldn’t do this or
Andy to assign Cecilia a task. However, Other  that—so they just did everything themselves.
teammates refused.
Indirect When the teacher saw that Cecilia was still  Teacher: I told them I wanted Cecilia to just
Facilitation* wandering and the directive intervention was follow along with group mates without
ineffective, she suggested that Cecilia observe needing to do anything. They agreed. Later, I
and follow along. The group accepted this saw that they collected a lot of boards
arrangement. Later, as a result, Cecilia became  together. That’s when I knew they had started
involved. collaborating ~ and  discussing  their
construction plan.
Conflict Directive Andy wanted to complete the entire group task  Teacher: Andy is highly capable. He felt that
Intervention - by himself, but others wanted to participate, and his teammates were not helpful, so he
conflict arose. The teacher tried to resolve the decided he could finish everything by himself
issue by directly assigning tasks to different and didn’t need them. So, I intervened.
students. However, Andy, as the group leader, I completely understood Andy’s perspective.
refused to accept this approach. I think his actions were subconscious. After
receiving some guidance, he gradually
Resource The teacher realized that directive intervention started collaborating with others again,
Allocation* was ineffective in resolving this issue. Instead of ~ though sometimes he still struggled with it.

directly assigning tasks, the teacher guided the
students to review their current tasks and
available materials, encouraging them to discuss
how to distribute the materials rather than simply
handing out assignments.

I believe that conflicts among children are
valuable. It shows us that they are still
struggling with collaboration, which is a
problem we need to address.

Note. Due to the word limit, please refer to the website (https://osf.i0/6j2qx/) for the full version. The intervention strategies marked with * were

found to effectively promote collaboration, while strategies marked with - were ineffective in certain contexts.
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Note: Intervention strategies marked with * were found to effectively promote collaboration, while strategies marked with - were ineffective in certain contexts.

Figure 1. Temporal relationship between students’ behaviors and teachers’ interventions.

4. Research Findings

4.1. The Fluctuating Pattern of Students’ Learning

Young children's behaviors in these tasks follow a dynamic, fluctuating pattern rather than a straightforward
progression. The study found that their behaviors progressed through "wandering — independent task division —
progress stagnation — conflicts — co-constructive problem solving — independent task division — co-constructive
problem solving" (conclusion by Table 3 and Figure 1).

For example, when children first encounter electronic media, they often engage in individual exploration due to the
novelty of the materials. After the teacher assigns a task, they may exhibit Independent Task Division (e.g., division of
labor and individual work). When they face progress stagnation (e.g., operational challenges), conflicts often become a
turning point. Only through teacher guidance do they ultimately achieve co-constructive problem solving.

It is worth noting that as the activity progresses, the duration of co-constructive problem solving gradually increases
(see Figure 1). However, occasional returns to independent task division may still occur. When there is a shortage of
electronic media or when they are damaged, the collaborative process can be abruptly interrupted. In such cases, the
children are unable to continue with their original plan, nor do they have backup materials to explore new ideas. This
often leads to frustration, giving them the feeling that "this activity is simply impossible to complete (Hugo, 20min41s,
personal communication)" which in turn causes them to revert to working individually in independent task division,

assigning isolated responsibilities without shared accountability (Graesser et al., 2018).
4.2. The Differentiated Impact of Teacher Intervention Strategies

When students are engaged in independent task division, teachers can effectively guide them toward meaningful
cooperation by using guiding questions combined with specific encouragement. This approach works because, at this
stage, students still have a basic willingness to interact but lack effective collaboration methods. Providing explicit
feedback on cooperative behaviors helps them develop a further understanding of why "helping each other is beneficial."
When students progress to co-constructive problem solving, teachers can extend the duration of their cooperation by
consistently providing process-oriented praise, which can concrete affirmation reinforces students' sense of achievement
in collaboration, making them more inclined to maintain this efficient working mode.

It is important to note that directive intervention is ineffective when students are either wandering or in conflict. Such
directives lead to fragmented contributions rather than a coherent solution and fall into routine coordination rather than
problem-oriented interaction (Graesser et al., 2018). In contrast, when students are disengaged from the task, such as
continuously handling materials without attempting to build anything, teachers can re-engage them by using goal
reminding or by encouraging peer invitations. These strategies help bring the disengaged student back into the task. When
conflicts arise, teachers can first listen to the reasons behind the conflict and adjust task distribution, which not only
resolves opposition but also transforms the conflict into a collaborative opportunity. Observations show that groups that

have undergone mediation tend to collaborate more effectively afterward.
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A particularly noteworthy finding is the unexpected effectiveness of demonstration-based intervention. In the
architectural modeling task, when students lacked spatial reasoning and struggled to understand “three-dimensional
structures", verbal guidance alone only deepened their confusion. In such cases, a direct demonstration of 3D assembly
techniques (e.g., physically attaching two foam boards perpendicularly) immediately worked as it visually presented a
nice example of solutions. After witnessing the demonstration, students were not only able to replicate the basic model
but also proactively added creative elements. This highlights a crucial principle: When there is a significant gap between
students' cognitive level and task requirements, intuitive behavioral demonstrations are more effective than abstract verbal
instructions, much like teaching a child to tie their shoes, where a hands-on demonstration is far more effective than
simply describing the steps.

5. Discussion and Implication

5.1. The "Imperfect' Process of co-constructive problem solving and the Teacher’s Role

This study reveals that co-constructive problem solving is not a linear progression, but a fluctuating process marked
by conflicts and setbacks. Contrary to the common belief that "collaboration levels steadily improve with teacher
intervention," observations show that genuine collaboration often involves disputes or even regressions. For example, in
a route-design task, a group that was previously collaborating effectively might suddenly revert to working individually
due to a broken wire in an electronic media or a disagreement over design choices. This fluctuating nature of collaboration
highlights an important insight: Co-constructive problem solving is not a fixed skill that, once learned, is permanently
mastered, which is a dynamic process that requires continuous practice. This challenges traditional expectations of the
teacher’s role. Instead of controlling the collaboration process from start to finish, teachers should focus on providing
targeted guidance at critical moments, such as when a group reaches an impasse during a conflict. For instance, when
children argue over material distribution, rather than directly assigning roles, a teacher might ask, "How can we divide
the tasks so that everyone gets to participate?" This approach not only helps resolve conflicts but also nurtures students’
ability to negotiate and collaborate autonomously.

To change the non-sophisticated perception of collaboration, we suggest that teachers need to work on a dual
approach. On one hand, they should provide concrete demonstrations to help children "see" the cooperative process. On
the other hand, they should design tasks that require simultaneous collaboration (such as a setup where two children must
press different switches at the same time to light up a bulb). Through this kind of “experiential learning,” children will
gradually come to understand that true cooperation is not just about piecing together individual contributions, but about
engaging in meaningful exchanges of ideas to discover better solutions.
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Abstract: This study investigates the effects of summer learning behaviors on national assessment outcomes for 95,014
K1-K9 students with low learning achievements using an adaptive learning platform (TALP). Focusing on Mathematics,
we investigate learners’ behavior logs concerning their learning frequency, continuity, and cyclic learning patterns. The
analysis of data from the assessment performance and platform usage reveals that merely increasing learning frequency
does not significantly improve learning outcomes. However, continuous use of TALP content and effective cyclic learning
patterns, such as balancing video viewing with exercises, are beneficial for enhancing assessment passing rates and
improvement rates. These findings underscore the importance of persistent TALP learning in mitigating LLA learners’
“summer learning loss” and highlight the necessity of providing regulatory instruction and learning scaffolding for low-

achievement students to adaptively learn and engage with a learning platform during their summer.

Keywords: mathematics learning, summer learning loss, self-regulated learning, TALP, learning patterns

1. Introduction

Elementary and middle school mathematics forms a crucial foundation for student learning across a range of
disciplines, equipping them with essential operations, computation skills, logical reasoning, and problem-solving
capabilities. However, students with low learning achievements (LLA) find mathematics particularly challenging.
Notably, these students are susceptible to “summer learning loss”—a phenomenon where students experience a decline
in knowledge and skills during extended school breaks. Research by Cooper et al. (2003) and Alexander et al. (2007) has
shown that mathematics is especially vulnerable to this effect, exacerbating the learning disparities between LLA students
and their peers as they commence a new academic year. Consequently, it is imperative to support these students in
maintaining continuity in their mathematics learning over the summer to minimize knowledge loss. Adaptive learning
platforms emerge as a promising tool in this context.

To identify LLA students, Taiwan's Ministry of Education (MOE) developed the Project for Implementation of
Remedial Instruction - Technology-Based Testing (Priori-tbt) (MOE, 2024), a standardized assessment conducted each
May and December to evaluate students' mastery of grade-level basic academic content. Students who do not meet passing
standards are classified as LLA students, enabling teachers to further assist students based on assessment reports and
provide timely remedial resources during the semester. Concurrently, Taiwan's MOE also developed TALP, an adaptive
learning platform aligned with the national curriculum to extend learning support beyond the classroom. TALP promotes
seamless learning, suitable for both in-class supplementary teaching and autonomous learning outside of school, during
summer and winter vacations. The platform's usage records (logs) can align with Priori-tbt's accounts, offering empirical
data on students' learning behaviors and performance, allowing us to evaluate TALP’s efficacy in mitigating summer

learning loss and understanding how students utilize the platform for learning.
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In this study, we investigate the association between students' Priori-tbt outcomes in December with their TALP
learning frequency, continuity, and effective learning patterns during the summer vacation. Therefore, this study focuses
on how these factors influence low-achievement students' learning outcomes during summer learning with TALP. Our
research questions are as follows: (1) Does TALP learning frequency significantly impact students' passing and improving
rates? (2) Does continuity in summer learning promote improved learning outcomes? (3) Is learning pattern associated
with learning outcomes? By doing so, this study might elucidate TALP's effectiveness in reducing summer learning loss
for LLA students and provide insights into how we can better support these students with their learning platform
engagements.

2. Literature review

2.1. Impact of Summer Learning Loss on Mathematics

Summer learning loss occurs when students experience knowledge decay due to learning breaks, with mathematics
being particularly susceptible. This loss disproportionately affects LLA students, increasing the academic gap between
school years (Alexander, Entwisle, & Olson, 2007; Paechter et al., 2015). Providing summer learning support can help
reduce summer learning loss and maintain academic stability, making it a significant focus for supporting LLA students
(Klein et al., 2024).

2.2. Summer Learning Loss and Adaptive Learning Platforms

Providing essential support, including digital resources and learning platforms, is considered an effective solution for
summer learning loss (Lynch & Kim, 2017). TALP, developed by Taiwan's MOE, aligns with the national curriculum
and serves as a tool for adaptive self-regulation learning outside the classroom. In addition to providing learning content,
TALP offers personalized support based on student learning data (Lu et al., 2024). Unlike MOOCs, TALP is closely
integrated with classroom learning, and its usage logs can be matched with the national assessment accounts, offering
data on actual learning behaviors and academic outcomes. Identifying learning patterns associated with reducing summer
loss can also help guide students for more effective learning. Frequency is an essential factor, while learning continuity
helps students maintain learning momentum. Effective learning patterns, especially for LLA students, enhance knowledge
consolidation and comprehension (Al-Bahrani, Apostolova-Mihaylova, & Marshall, 2022; Day, 2015; Malmberg,
Jarvenoja, & Jarveld, 2013). Accordingly, this study analyzes the learning behaviors of low-achievement students using
TALP during summer to provide empirical evidence and recommendations for reducing summer learning loss.

3. Methodology

3.1. Dataset and data pre-processing

The dataset consists of 95,014 LLA students who failed the Priori-tbt in May 2023. These students' TALP usage logs
from June 15 to August 31, 2023, were analyzed to examine learning behavior over the summer. After removing
incomplete and extreme records, the dataset included 78,148 video viewing events, 58,505 video learning hours, and
56,811 exercise records. We measured learning frequency, continuity, and learning patterns to assess learning outcomes.
Key metrics included:

® | earning Frequency: Number of video views, total video watching time (minutes), and exercise attempts.

® Learning Achievement: Passing rate (students who failed Priori-tbt in May but passed in December) and

Improvement rate (students who showed improved scores from May to December).

® | earning Continuity: Maximum weeks of continuous use during summer vacation.

64



Kong, S. C.,, Hsu, T. C., & Zhao, J. H. (Eds.). (2025). Proceedings of the 9th International Conference on
Computational Thinking and STEM Education. Hong Kong: The Asia-Pacific Society for Computers in Education.

® Learning Pattern: Exercise/Viewing Rate (EV rate), reflecting students' preference for practice over video

learning.

4. Results and discussion

4.1. Learning Frequency

The binomial logistic regression analysis showed that video views, total video viewing time, and exercise attempts
did not significantly impact students' passing or improvement rates (p > .05), with low explanatory power (Pseudo R2
<.01). This indicates that frequency alone does not directly explain variations in learning outcomes.

4.2. Learning Continuity

Our results (Figure 1) shows that Continuity in learning, which is defined as MWC (Maximum Weeks of Continuous
Use), correlated with better learning outcomes. Students who continuously learned with TALP during the summer showed
higher improvement rates than those who did not, with longer continuous learning associated with increased improvement
rates. This suggests that learning continuity, rather than mere frequency, is a critical factor in enhancing learning
achievement.

Improving Rate  =e=Passing Rate
70% - 60%
Improving Rate
. . Improving Rate 60.89%
on Improving Rate Improving Rate 57.45%
55.30% 55.34% 0%

Improving Rate

50% 46.16% ——-_.\‘-
ﬂg Rate anx
0 41,96% passinM
Passing Rate 18.66%
35.97% Passing Rate

30% Passing Rate MR

28.08%

Improving Rate
g
-
Passing Rate

20%

10%

N = 65,260 N =17,502 N=6,955 N=2,799 N =2,498

None 1 Weeks 2 Weeks 3 Weeks 4+ Weeks
Maximum Weeks of Continuous Use, MWC

Figure 1. Comparison of Passing and Improvement Rates Among Students with Varying Levels of MWC (Maximum
Weeks of Continuous Use)

4.3. Learning pattern

Analyzing changes in students' learning patterns over the summer provided insights into enhancing learning outcomes.
Using the EV rate (Exercise/Viewing rate) from the two weeks before summer vacation as a baseline, we measured
weekly changes in EV rate and learning frequency throughout the summer. An increased EV rate indicates an increased
focus on exercise, while a decreased EV rate reflects a shift towards more video viewing. Figure 2 shows that students
who failed the Priori-tbt in May but passed in December (Recovered students) increased their learning frequency for
about two-thirds of the summer. These students initially emphasized video watching, later shifting to exercise attempts,
suggesting a balanced learning pattern. Conversely, students who did not pass in December (LLA students) maintained a
focus on video watching, with only a brief increase in practice, highlighting that learning patterns—not just frequency—
may be key to progress. Similarly, Figure 3 shows that students with improved scores adopted a "video viewing-exercise"
cycle, especially on weekends, underscoring the importance of regulated learning patterns over summer to boost learning
outcomes.

65



Kong, S. C., Hsu, T. C., & Zhao, J. H. (Eds.). (2025). Proceedings of the 9th International Conference on
Computational Thinking and STEM Education. Hong Kong: The Asia-Pacific Society for Computers in Education.

Students improved on the December’s Priori-tbt

Weekday

0.00 0.00 0.00

Weekend

0.00 0.00 0.00

Weekday

0.00 0.00 0.00

Weekend

0.00 0.00 0.00

Two weeks before
summer vacation
(Baseline)

-0.06

-0.15

-0.33

-0.06

-0.25

-0.36

-0.03

0.09

-0.42

-0.05

-0.12

-0.44 | -0.

-0.06

0.04

-0.04

-0.20

0.28

-0.40

0.05

-0.24

0.01

-0.37

During Summer vacation (eight weeks)

-0.09

0.05

-0.26

-0.20

-0.29

-0.32

Students did not improved on the December’s Priori-tbt

-0.06

-0.13

0.95

-0.38

0.00

-0.28

-0.28

-0.03

-0.06

153

-0.56

-0.02

-0.15

0.75

-0.21

-0.03

-0.35

-0.03

-0.38

-0.03

-0.33

-0.16

-0.61

-0.01

-0.28

-0.15

-0.42

-0.34

-0.11

-0.24

0.05

-0.27

-0.33

During Summer vacation (eight weeks)

Tend to
exerceis

-02

Tend to
view

High-freq
.o Uencyuse

Low-freq
15 Uency use

Figure 2. Comparison of Learning Patterns Between Students Who Improved and Those Who Did Not in December's

Priori-tbt Assessment
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Figure 3. Comparison of Learning Patterns Between Students Who Passed and Failed December's Priori-tht Assessment

5. Conclusion and limitations

In conclusion, this study examined the impact of summer learning through the Taiwan Adaptive Learning Platform

(TALP) on the academic outcomes of LLA students, focusing on passing and improvement rates. We analyzed variables

such as learning frequency, continuity, and learning patterns, leveraging comprehensive, national-level learning platform

usage logs and assessment data to provide robust empirical evidence. Findings indicate that learning frequent alone does

not significantly enhance learning outcomes; rather, continuous learning engagement and effective learning patterns are

critical for enhance learning. Specifically, a cyclical pattern of initially increasing video views followed by exercise
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positively influences learning outcomes. These results highlight the value of TALP on reducing summer learning loss,
particularly in supporting summer learning continuity and guiding effective learning strategies for low-achievement
students.

The findings offer practical implications, suggesting that summer learning programs for LLA students should
incorporate structured guidance on learning strategies and prioritize continuity in engagement. Considering the dataset
scope limitations of this study, future research could investigate the learning behaviors and outcomes in different subjects
and for students across various demographics, such as gender. Additionally, exploring the interaction of diverse learning
strategies within adaptive platforms could further enhance the design of personalized learning supports and provide more
comprehensive data insights.
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Research on Pre-Service Training Strategies for STEM Teachers’ ICT

Competency
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Abstract: The pre-service training phase directly impacts the level of ICT competency of early-career STEM teachers.
Therefore, it is essential to clarify the training strategies and explore how these strategies affect early-career STEM
teachers’ ICT competency. This study collected data through an online questionnaire regarding the ICT competency of
early-career STEM teachers and the implementation of pre-service training strategies. The research found that early-
career STEM teachers’ ICT competency is correlated with the six strategies at the micro level of the SOD model, which
includes role model, reflection, instructional design, collaboration, authentic experience, and feedback. However, only
authentic experience and feedback had a significant impact on early-career STEM teachers’ ICT competency. This

research provides a basis for universities to implement training strategies for enhancing STEM pre-service teachers’ ICT
competency.

Keywords: pre-service, STEM teachers, ICT competency, training strategies
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Abstract: Current discourses about the concept of computational thinking (CT) are shaping what we decide are the
components of CT, shaping the ways we explain why CT is important for students, and shaping how CT will evolve as a
disciplinary standard. We contribute to this conversation by investigating where CT resonates with problematic societal
discourses, and how CT can be (re)understood to be more compatible with systems of relational ethics. Using a concept
of pluriversal design for science learning spaces, we examine data from a teacher development program with an objective
of reimagining and rearticulating the meaning of computational thinking practices. In this paper, we rearticulate the
concept of “debugging” to foreground relational practices of close attention and attunement to relationships and
interconnectedness. This work contributes to scholarship working to bridge the current conceptual distance between

computational thinking practices and practices of ethical relationality.

Keywords: debugging, relational ontology, postfoundational research, deficit narratives

1. Introduction & Purpose

Debugging is a key component of Computational Thinking (CT) and is generally described as a systematic approach
to finding and fixing bugs in the system (Grover & Pea, 2013; Weintrop et al., 2016; Wing, 2006). Widely considered an
essential problem-solving skill (Liu et al., 2017), there is considerable evidence from research (Carver & Risinger, 1987;
Klahr & Carver, 1988) that debugging programs or codes can enhance general troubleshooting skills in other non-
programming domains.

Yet, we notice that definitions of debugging (as well as other aspects of CT) often resonate with deficit-based societal
discourses. Although perhaps subtly, a part of what it means to be a computational thinker is to be someone who
straightforwardly decides what a program is supposed to do, confidently asserts what code belongs to serve their purposes,
and expertly removes “bugs” that behave in ways that they decide is objectionable to their interests. We notice somewhat
similarly that the dominant framing for what it means to practice abstraction in Computer Science is to become an arbiter
of what “really” matters, to make authoritative decisions of what can and should be discarded, and to process knowledge
into forms that can then be easily transported to other places (Lafuente Martinez et al., 2022; Rijke et al., 2018). With a
narrow focus on computer programming, we recognize that it is difficult to see these framings as anything but harmless.
But expanding our attention to notice broader similarities with other problematic patterns of societal discourses, we see
these framings as uncomfortably resonant with the logics that perpetuate systemic oppression.

If computational thinking practices carry potential for sustaining problematic societal discourses, then teacher
development programs also carry invisible potentials for developing teachers that are susceptible to these problematic
logics. In this paper, we wish to reimagine and rearticulate the concept of debugging to resist these broader deficit
discourses.
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1.1. Theoretical Framework

Kayumova and Dou (2022) draw upon the concept of a pluriverse—a “world where many worlds fit” (Escobar, 2018,
p. Xi)—to “interrogate why different ways of being...are constantly figured in deficit terms within the current institutions
of science” (Kayumova & Dou, 2022, p. 1098). They argue that “theories and theoretical frameworks manifest onto-
epistemological beliefs and identities and are therefore lenses through which we can see, analyze, and build new visions
and justice-oriented worlds” (p. 1113). To disrupt deficit-based discourses, they urge that “we must examine the logic
upon which dominant science-related epistemological and ontological assumptions are built” (p. 1100) and they argue
that “equity and justice are about changing/transforming science structures and norms by forging new asset-based and

relational justice oriented spaces” (p. 1100, emphasis added).
1.2. Contemporary Scholarship

Justice-oriented scholarship in STEM Education has increasingly begun to emphasize the importance of expecting
and respecting multiple ways of knowing (Rosebery et al., 2010; Warren & Rosebery, 2011), and research in Computer
Science education has also begun to incorporate these perspectives. Sengupta, Dickes, and Farris (2018) have argued for
an epistemological shift towards understanding computational thinking as phenomena composed of discursive,
perspectival, material, and embodied experiences. Across multiple publications, these three authors advocate for a
Bakhtinian reframing of computational thinking as a dialogical co-construction of computational utterances (Sengupta et
al., 2021). Building on the perspective that “computational thinking must be re-conceptualized more appropriately as an
intersubjective experience” (Sengupta et al., 2018, p. 29), Dickes and Farris argue for a shift away from conceptualizing
CT as a set of isolated material intelligences and to instead focus on the “complex interplay among materials (both
computational and noncomputational), cognition, and classroom culture” (Dickes & Farris, 2019, p. 8).

One aspect of this complex interplay is the entanglement of computational thinking, empathy, and ethics. Sohr, Gupta,
Elby, and Radoff (2023) describe a student’s entanglement of empathy and computational thinking in reasoning about
fairness. Their analysis highlights the inherent ethical decisions that are entangled with the computational practices of
abstraction (that determine which considerations are worth of attention). Silvis, Clarke-Midura, Shumway, and Lee (2022)
advocate for incorporating an ethic of technological care into other ways of relating—becoming a central tenant of any
ethical discourse of computing. Their feminist analysis of the entangled ethical and computational practices recognizes
the important consequences of critically examining who is regarded as worthy of care (Haraway, 2020).

Something that is implied by analyses such as these (but not always explicitly mentioned) is that the absence of a
central tenant of technological care within current discourses of computing simultaneously mobilizes a complementary
disciplinary ethic: Maintaining a distance between discourses of computing and care inherently establishes a default ethic
of ambivalence in computer science. Without ethics of care built into the disciplinary practices of computer science,
ignorance of the impacts of our actions is instead left behind as the default enactment of disciplinary ethics for computing.

2. Problem & Objective

Despite these ongoing developments of contemporary research, descriptions of CT most often resonate to some extent
with deficit discourses and do not straightforwardly align with a pluriversal approach. First, CT is often characterized as
a universal skill set that will enrich everyone’s lives. This type of statement of universality is in tension with the concept
of a pluriverse. Deficit-based discourses require a constructed “universal” zero-point (Warren et al., 2020) against which
to measure/compare the deficit. The purpose of creating space for heterogeneous ways of knowing (or a pluriverse of
onto-epistemologies) is precisely to disrupt that mechanism because it perpetuates harm. As mentioned above,
descriptions of CT practices (or STEM practices) are sometimes uncomfortably resonant with more obviously problematic

logics. Such resonances are additional impediments to a pluriversal approach, since we are urged to question the
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underlying logic of science and forge new asset-based science structures and norms. There is no need to accept these
resonances between CT and logics that sustain oppression. We notice that descriptions of debugging are resonant with
settler-colonial logics (Simpson, 2017) of elimination of anything deemed a nuisance (without regard for the impact on
ecosystems). We assert that an accounting of exactly how much harm is caused by these resonances is not necessary
because any potential for resonance should be considered sufficient for engaging in the work of reexamining how we tune
the system.

In this paper, our objective is to investigate whether debugging can be framed more compatibly with heterogeneity
and pluriversality. Drawing from ontologies of care and relationality, Kayumova and Dou (2022) suggest that pluriversal
design could include “reimagining and rearticulating meanings of science learning, being a science person, and engaging
in science as people who are caring, interconnected, respectful, humanizing, honoring, reverent, just, and dignifying” (p.
1110). With this pluriversal sensibility in mind, we examine a learning environment with the objective of reimagining and
rearticulating the meaning of “debugging” as a practice of close attention and attunement (Shotter, 2015) to relationships
and interconnectedness.

3. Setting & Mode of Inquiry

Our engagement with data adheres to standards of Interaction Analysis (Jordan & Henderson, 1995) (but we also
note an important divergence). Our research project involved developing and implementing a professional development
program for teachers to both learn about computational thinking and develop their own lessons incorporating
computational thinking practices into their curriculum. We videorecorded approximately 90 hours of professional
development over two separate year-long sequences. Each year, participating teachers attended a week-long workshop
over the summer, monthly professional development sessions during the school year, and monthly one-on-one coaching
sessions with the workshop instructors with feedback on their lesson planning.

Relational approaches such as pluriversality need to be compatible with systems of ethics that recognize an
entanglement of ethics (axiology), epistemology, and ontology. Although discursively framed in a plurality of ways, such
relational ontologies necessarily engage with a poststructural critique of representationalism (Barad, 2003; Rosiek &
Gleason, 2017). This critique leads to a shift of approaches towards research methodology (Garroutte & Westcott, 2013;
Higgins & Kim, 2019; Murris, 2020). Some scholars have chosen to describe their research as postfoundational or
postqualitative (Dixon et al., 2023; Lather & St. Pierre, 2013) due to this incompatibility of poststructuralist philosophy
with structuralist qualitative methodology (which typically involves finding or constructing measures of the world and
building representations that are categorized as passive or inert). Drawing from both new materialist philosophy and
Indigenous studies scholarship, Rosiek and Snyder (2020) use the term narrative inquiry to refer to approaches that
acknowledge the agency of methodology, results, analysis, theory, etc. Rosiek and Snyder describe narrative inquiry “as
a process of reimagining the possibilities within experience that ontologically transforms a person’s relation to his or her
vocational activity” (2020, p. 1158).

Our narrative of debugging diverges from structuralist enactments of Interaction Analysis because we are positioning
it as postfoundational research. This paper performs a postfoundational narrative inquiry built to help reconstitute “the
way we frame our questions and by the material features of our inquiry apparatuses” (Rosiek & Snyder, 2020, p. 1152).
Debugging is an underrepresented topic in K-12 classrooms (Kafai et al., 2020; Michaeli & Romeike, 2019; Rich et al.,
2019), and there is a gap in the literature examining exactly how debugging emerges for K-12 teachers and students. One
aspect of our data analysis has been to search for episodes of debugging that happened during the professional
development sessions. We identified such a moment of debugging during one of the monthly professional development
sessions, and noticed that it was novel in that the episode did not quite fit the standard narrative of debugging. Through
repeated video review and event reconstruction, we developed transcriptions and analytical memos to describe the

interactions that inhered in the teachers’ and instructor’s debugging process. We refined our analytical memos into a
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narrative that intentionally crafts a different framing for debugging (i.e., characterized as close attention to the ways many
things relate and influence each other)—because the objective for our inquiry is to find discourses for debugging that are
compatible with pluriversality.

4. Narrative of Debugging as Understanding Networks of Relations

Two of our teachers (Mary and Julie) and the workshop instructor (Jarod) found themselves debugging a system
involving a small mobile robot programmed in a block-based coding environment. They want the robot to do something,
and at first the robot was not doing it. They spent time trying to understand and adjust. And then the robot did what they
had hoped. So, we can confidently say that whatever happened in their time understanding and adjusting can be
characterized as “debugging.” The events that happened can be captured equally well—if not better—by a narrative of
the participants coming to understand the nuances of the relationships among elements of the system.

The robot has a sensor on its “chest” that uses a calibrated frequency of light to measure the distance to an object in
front of it. And the group was attempting to program this robot so that it would check whether something was blocking
its way, and then either continue ahead or turn around and move in the opposite direction. Julie’s code was not making
the robot behave how they wanted. It continued ahead without turning around when it should have. Jarod then changed
the code. The robot’s behavior running the code was to turn around without continuing ahead when it should. The group
questioned whether having the robot on the floor was affecting the response of the sensor and causing the robot to behave
how they observed. The group then put the robot on the table and ran the code while Jarod held his arms in front of the
sensor. The robot continued ahead into Jarod’s arms. But the same code then caused the robot to repeatedly turn around
when nothing was in front of the sensor. Jarod questioned whether his previous understanding of the code syntax was
correct, and the group changed the code back to Julie’s original version. The robot then responded in the way they had
intended to program it.

What we find interesting is that this debugging process involved the group examining the ways that all the elements
of the system were coming together. We are resistant to identify any one “bug” that they needed to identify and eliminate.
Julie’s original code was logically correct, and her understanding of the conditional statements was correct. The sensor
was not broken, it was working correctly; the materiality of the sensor just is the way that it is. Jarod’s temporary
understanding of the syntax of the coding environment could be considered wrong. But that error did not cause the
problem; so we are resistant to calling that “the bug.” Their reasonable expectations for how the sensor would react with
the robot on the floor could possibly be identified as the “bug.” But we are resistant to characterizing their debugging
process as systematically eliminating that expectation. The data would not fit that description any better than a relational
version of the debugging process. We suggest that in order to understand how the sensor, code, and surface were
interacting, the group engaged in a creative process of imagining what could be happening to the agents in the system.
The group used and modified what they knew about the agents in relation to understand more deeply how they interrelated.
Describing debugging in this way as a process of paying close attention in order to understand the subtle ways that many
things interrelate and influence each other fits this scenario just as well as other dominant narratives of debugging.

5. Conclusion & Significance

We presented an example of debugging from a professional development workshop for teachers. We argued that
what happened can be characterized as an episode of coming to understand how elements of the system were interrelated.
As compared to “making the world conform to what an authority figure has decided is correct,” we notice that teacher
development that foregrounds the relationality of debugging—as “deeply understanding relations and repairing them
where necessary”—has more potential to support an ethical future.

The significance of this work relies on recognizing and problematizing the current large conceptual distance between

“care” and “debugging” within dominant discourses. The purpose of this work is not to suggest that the concept of
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debugging has always or already included care as a feature, but to instead argue that we have agency to choose and shape
how disciplinary standards in Computer Science resonate with other societal discourses. And we have an opportunity to
iteratively rearticulate the practices of science so that we develop ourselves as teachers who continuously become better
at caring for and repairing relations.
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An Engineering-Focused STEAM Education in Primary Schools: Universal

Implementation Strategies

Hau Kwan, CHAN?!, Ka Yuk Cora SIU?
1St. Patrick's School, Hong Kong SAR

2The Education University of Hong Kong, Hong Kong SAR
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Abstract: Innovative technology is a key driver of Hong Kong's future development. Hong Kong has actively promoted
STEAM (Science, Technology, Engineering, Arts, and Mathematics) education. Since 2016, initiatives such as the Jockey
Club Computational Thinking Education Programme (CoolThink@JC) and the Education Bureau's supplementary
document "Computational Thinking and Coding Education: Supplementary Document for Primary School Curriculum
(Draft)" have supported schools in systematically planning and implementing coding education, emphasizing the
importance of innovation and technology education. The authors believe that innovation and technology education should
not be equated solely with coding education. To enhance students' practical abilities and ultimately improve overall
innovation and technology capabilities, Hong Kong's innovation and technology education must prioritize the
significance of engineering ("E" — Engineering). Engineering education should include four essential elements: defining
problems, developing prototypes, analyzing data, and reflecting on and presenting findings. The authors suggest placing
engineering ("E" — Engineering) at the core of innovation and technology education. Through project-based learning
(PBL), students can be nurtured to develop engineering literacy and problem-identification and solving skills. To cultivate
students' innovative spirit and align with the national high-quality education development strategy, Hong Kong must
universalize innovation and technology education, promote practical application in engineering technologies, and
ultimately enhance overall innovation capabilities. This will lay a strong foundation for fostering future technology talent

in Hong Kong. The authors share detailed teaching practices in this paper.

Keywords: STEAM Education, STEAM, Engineering Education
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A Programming Learning Platform with Misconception Diagnosis
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Abstract: Programming novices often encounter difficulties in mastering fundamental concepts due to common
misconceptions, which can manifest as syntax errors, logical flaws, and incorrect problem-solving strategies. To address
this challenge, this study develops a programming learning platform that provides real-time diagnosis and feedback on
misconceptions. Students can submit code to verify its correctness and receive immediate feedback on identified
misconceptions, while instructors can monitor learning progress and adjust instructional strategies accordingly. The
platform utilizes data mining techniques to extract code features, which are then analyzed using spectral clustering
algorithms to identify misconception symptoms and categorize them into specific types. By mapping the relationships
among various misconceptions, the platform enhances instructors’ understanding of students’ learning obstacles. Future
work will focus on designing more guided feedback based on misconception patterns to better support students in

correcting misunderstandings and improving their programming skills.

Keywords: Misconception diagnosis, Programming instruction, Data mining

1. Introduction

Novice programmers often face learning challenges, attributed not only to the complexity of programming concepts
but also to persistent misconceptions that impede understanding (Durkin & Rittle-Johnson, 2015; Kaczmarczyk et al.,
2010; Qian & Lehman, 2017). Although previous studies have developed diagnostic tools to identify misconceptions
(Chen et al., 2017), few have incorporated real-time automation within learning environments. With the emergence of
data mining techniques in education, new opportunities have arisen for diagnosing learning difficulties more effectively
(Ihantola et al., 2015; Steven, 2014). Building on machine learning—based diagnosis frameworks (Lin et al., 2022), this
study proposes a platform that integrates real-time misconception detection, allowing instructors to continuously monitor

student progress and intervene promptly (Robinson & Carroll, 2017; Watanobe et al., 2020).
2. Methodology

Code features were collected from 1,213 novice programmers from high schools and universities in Taiwan, each
possessing 6 to 12 months of programming experience. All participants completed a misconception diagnosis test
designed to be language-independent.

For the clustering of code features, a two-stage spectral clustering approach was employed to group feature vectors
derived from student submissions associated with misconceptions. This method enabled the identification of latent
patterns within the data and facilitated the mapping of clusters to corresponding misconceptions. Within each cluster,

features that appeared in more than 30% of the submissions were designated as symptoms of misconceptions.

3. Results

3.1. Symptoms of Programming Misconceptions

To successfully diagnose students’ programming misconceptions and provide targeted feedback within the learning
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platform, we defined symptoms of programming misconceptions (Table 1), serving as indicators that allow the system to
identify potential misunderstandings in students' code submissions and support timely instructional interventions.

Table 1. List of Symptoms of Programming Misconceptions.

Misconception

Identifier Symptoms of Code Example
Ml.1.1 Using a while statement for a single =~ Program 1: Program 2:
condition check or an if statement for  x = / x=1
multiple condition checks. ifx==1: while (x == 1):
print(x) print(x)
Misconception: Believes if and while are functionally
equivalent, both executing once for condition checking.
M2.1.1 The loop control variable is assumed a =5
to start from 0, with the condition set while (a > 1):
as <= or <, and the increment a=a-1
always by 1. print(a)

Misconception: The variable a starts at 0 and increases by 1
each time the loop runs. The loop exits when a > 1.
Therefore, the loop runs three times.

Step l:a=0 — 0-1=-1 — not greater than 1 — loop

continues.
Step2:a=1 — 1-1=0 — not greater than 1 — loop
continues.
Step3:a=2 — 2-1=1 — not greater than 1 — loop
continues.

Step4:a=3 — 3-1=2 — 2>1 — loop exits.
M2.1.2 The loop body only references the y=35
control variable. z=10
for x in range(0, y, 1):

print(z)
Misconception: The variable y should be updated as y =y +
1 because only the variables used in the loop condition are
relevant inside the loop.

M2.2.2 Using an “if” statement instead of a  int x = 0;
loop for repeated execution. if (x> 0; xt+) { cin >> x; cout << x!; }
Misconception: Use of if statements instead of loops.
M3.1.1 The output results in one iteration inta=235;
fewer than expected. while (a> 1){a=a-1;}

printf("%d", a);
Misconception: The output is 4,3,2 because the condition
requires a to be greater than 1, so the loop stops at 2.

M3.1.2 In a variable swap task, using only int x;
one or two assignment statements while (y) { x =y, }
and omitting a temporary variable. Misconception: Swapping two variables can be done directly
without using a temporary variable.
M3.1.3 Determining the execution count x=0
based on loop body statements while (x < 3):
rather than loop conditions. x=x+1
print(x)

Misconception: The statement x = x + [ is executed twice:
first, 0 + 1 = 1; then, 1 + 1 = 2. Therefore, the loop executes
twice.

M3.2.1 Adding a condition after “else”. int x;
if (x == 1){ cout("Congratulations, you got the ticket");
}else (x == 0){ cout("Unfortunately, no tickets left"); }
Misconception: Learner incorrectly assumes else requires a
condition.
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M4.1.1 Parallel loop statements at the same for (a = 10, a < 20; a++){b=b-1;}
level. for(a=0;a<10;a++){b=b+1;}
Misconception: If a starts at 0, the second loop executes

first. The first loop will only execute when a reach 10.
M4.2.1 Parallel conditional statements at inta=1;

the same level. if (a == 0){ cout("zero"); }
if (a == 1){ cout("one"); }

Misconception: «a is 1, it directly jumps to if{a == ).

3.2. Clustering of Programming Misconceptions

To enhance the effectiveness of the platform’s feedback in addressing different types of programming misconceptions,
a clustering process was conducted to categorize common misconception patterns. The clustering results identified a total
of 11 distinct clusters, each corresponding to a specific type of programming misconception (Table 2). These clusters
form the basis for mapping student errors to targeted feedback strategies within the platform.

Table 2. Clustering Results from Data Mining and Correspondence with Programming Misconceptions.

Corresponding Corresponding Corresponding
Cluster ID Programming Cluster ID Programming Cluster ID Programming
Misconceptions Misconceptions Misconceptions
Cluster 1 M2.1.2. M3.1.1. Cluster 5 M3.1.1. M4.2.1. Cluster 9 M3.2.1.
Cluster 2 M3.1.1. M3.1.2. Cluster 6 M2.1.1. Cluster 10 M4.1.1.
Cluster 3 M3.1.1. M3.2.1. Cluster 7 M2.1.2. Cluster 11 M4.2.1.
Cluster 4 M3.1.1. M4.1.1. Cluster 8 M3.1.2.

3.3. Programming Learning Platform with Misconception Diagnosis

The programming learning platform developed in this study diagnoses student misconceptions based on clustering
results derived from code feature analysis. Learners can write and submit code directly through the platform, which
automatically evaluates the correctness of their solutions and detects potential misconceptions. Instructors are provided
with a backend interface that allows them to create new programming problems, edit existing ones, and specify the
misconceptions to be diagnosed for each problem. Additionally, instructors can define new misconception types and
corresponding feedback messages, supporting the continuous expansion and refinement of the diagnostic framework. All
student submissions, along with the identified misconceptions, are systematically recorded and made available for

instructor review and monitoring. The platform’s user and instructor interfaces are illustrated in Figures 1 and 2.

Pyth®nline

PYTONNE LA SRR

7: 2018-07-15 01:43:21 _D4.1.1

: 2018-07-15 01:42:09  D2.1.1]D4.1.1
=

Figure 2. Instructor Interface with Student Submission Records and Misconception Diagnosis Results.
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4. Discussion and Conclusions

4.1. Establishing the Correspondence Between Novice Programming Misconceptions and Syntactic Symptoms

The study identified 11 misconception clusters through data mining, each representing a distinct type of programming
misconception. Among these, one cluster (M3.1.1) demonstrated a particularly broad influence on students’ understanding.
It reflects the misconception that students determine the number of loop executions solely based on the upper limit value,
rather than evaluating the loop’s conditional expressions to control the flow of execution. This misconception spans both
conditional evaluation and control flow concepts, and thus can propagate misunderstandings into other related areas of

programming logic. Immediate feedback is crucial to correct such fundamental misconceptions.
4.2. Design and Implementation of an Automated Diagnosis Mechanism for Programming Misconceptions

The programming learning platform developed in this study automatically diagnoses misconceptions at the point of
student code submission. Diagnosis results are recorded in the platform, enabling teachers to monitor students’
misconceptions and track changes in their understanding over time. Future research could further investigate the design
of guided feedback mechanisms, aiming to assist students in correcting misconceptions more effectively and promoting

deeper conceptual understanding.
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Abstract: This study investigates how pre- and in-service English teachers develop and apply computational thinking (CT)
competencies through interactive digital storytelling projects. Responding to research gaps at the intersection of CT, L2
literacy education, digital literacy, and teacher education, the study examines how CT can enhance digital and
multimodal literacies in English teaching contexts. Data were collected through screen recordings of their design
processes, pre- and post-intervention questionnaires, and semi-structured interviews. Qualitative analyses of screen
recordings revealed active engagement with CT competencies. The findings highlight how digital storytelling fosters CT
skill development and creative literacy practices, positioning teachers as content designers. The study offers pedagogical
implications for teacher education, advocating for CT-integrated training that fosters CT competency, digital literacy,
and innovative L2 pedagogy in technology-rich learning environments.

Keywords: Computational Thinking, Interactive Storytelling, Literacy Education, Teacher Education

1. Introduction

In the context of 21st-century education, computational thinking (CT) has become a crucial competency not only for
STEM educators but also for language teachers. As education systems increasingly integrate digital technologies and
emphasize multimodal literacies, CT provides language teachers with essential problem-solving strategies and
instructional design skills (Li et al., 2024; Jacob & Warschauer, 2018).

CT fosters essential skills that enhance language learning by promoting higher-order thinking, such as planning,
analyzing, and organizing ideas. Integrating CT into English writing pedagogy improves learners’ ability to generate and
structure ideas, supporting writing fluency and coherence (Wu et al., 2024). CT also empowers language teachers to create
technology-enhanced learning environments through digital storytelling, gamification, and interactive activities, which
boost learner engagement and digital literacy (Yu et al., 2024). Additionally, CT strengthens teachers’ digital competence
and 21st-century skills, helping them adapt to evolving educational technologies (Nouri et al., 2020).

While CT has gained attention in education, its integration into second language (L2) education remains
underexplored. Yu et al. (2024) highlight the lack of empirical studies investigating how CT skills such as abstraction,
decomposition, and algorithmic thinking can be effectively incorporated into language learning curricula, particularly in
L2 contexts. Many pre-service and in-service language teachers lack sufficient training in digital literacy and
computational thinking. Specifically, Parsazadeh et al. (2021) highlight that research on integrating CT into digital
storytelling (DST) for enhancing L2 learners’ motivation and achievement is still in its early stages. They emphasize the
need for more comprehensive empirical studies to examine the pedagogical impact of combining CT and DST within L2
learning contexts.

In response to the identified research gaps, this study investigates how pre-service English language teachers develop
and apply CT competencies through the creation of interactive DST projects. Specifically, it addresses the limited

empirical research on integrating CT into L2 literacy practices and explores how CT can enhance digital and multimodal
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literacies within language teaching and learning contexts (Jacob & Warschauer, 2018). The central research question
guiding this study is: How do pre-service English language teachers demonstrate computational thinking competencies

during the process of interactive digital storytelling design?
2. Methodology

This study involved 16 pre- and in-service English teachers participating in a professional development program
focused on enhancing their CT competencies and digital literacy. Using a mobile-based visual programming platform,
the participants designed interactive storybook tasks for future L2 learners. Data were collected through screen recordings,
pre- and post-intervention questionnaires, and semi-structured interviews. The screen recording video data from
preservice English teachers’ interactive storytelling creation process were analyzed through the lens of Atmatzidou and
Demetriadis (2016) which provides a structured and evidence-based way to assess their CT competencies. Since they
define CT as a set of programming skills/competencies—abstraction, generalization, algorithmic thinking, modularity,
and decomposition. This study used these five dimensions to build an analytic framework for the video data. Based on
this analytical framework, a detailed coding scheme and codebook were developed, including precise indicators and
observable behaviors aligned with each CT competency. For example, abstraction was identified when participants
simplified complex narratives by focusing on core characters or plot elements and deliberately excluding extraneous
details. Generalization was evident when code blocks or storytelling structures were reused for different characters or
narrative scenes. Algorithmic thinking was observed in participants’ ability to sequence actions logically, utilizing event
triggers or incorporating loops to automate repetitive actions. Modularity was demonstrated through the creation of
distinct blocks for characters, dialogues, or specific actions, with logical naming conventions that facilitated reuse. Finally,
decomposition was noted when participants divided the overall project into discrete tasks, such as designing characters,
coding movements, or scripting dialogues. The coding schemes were summarized in Table 1. The screen recordings were
segmented into analyzable units based on time intervals, participant actions, and task delineations, providing a systematic
basis for examining the application of CT competencies during the storytelling creation process.

Table 1. Indicators and observable behaviors for each CT competency in the screen recordings

CT Competency Observable Behaviors (Examples from Screen Recordings)

Abstraction Simplifying complex stories by focusing on key characters or plot events;
ignoring unnecessary details.

Generalization Reusing code blocks or storytelling structures for different characters or
scenes.

Algorithmic Thinking Sequencing actions logically (e.g., event triggers); creating loops.

Modularity Creating separate blocks for characters, dialogue, or actions; naming code

sections logically.
Decomposition Breaking the project into tasks: e.g., designing characters, coding
movements, scripting dialogues.

3. Findings

The analysis of screen recording data indicated that both pre-service and in-service EFL teachers actively applied
core CT competencies during their interactive storytelling projects. One frequently observed practice was decomposition,
as participants systematically broke down complex narratives into smaller, programmable segments. For instance, when
adapting Le Petit Prince, teachers organized the storyline into separate chapters, each corresponding to a different planet.
Within these divisions, they designed interactive tasks that encouraged learners to engage with thematic vocabulary and
dialogue. In addition, modularity played a key role in their design processes. Teachers constructed reusable coding blocks
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for characters and dialogues, which streamlined the development of consistent interactions across the story. This was
particularly evident in their version of Brown Bear, Brown Bear, What Do You See?, where they created modular
components for each animal character. This method not only simplified the coding process but also maintained narrative
coherence and improved learner interaction.

Furthermore, algorithmic thinking surfaced in the logical arrangement of actions. For example, participants
programmed event triggers that prompted learners to click on a character—such as the fox in Le Petit Prince—to activate
vocabulary prompts or audio narration. Teachers demonstrated abstraction by reducing narrative complexity, focusing on
essential plot events and language features to aid comprehension for L2 learners. Generalization was evident as they
reused interaction scripts across various story scenes and adapted them for other language learning tasks, including
matching exercises and comprehension checks.

Across all data sources, it became clear that participants’ work with interactive storytelling, particularly through the
lens of well-known children's literature, fostered a new dimension of computational literacy. By designing story-driven
learning tasks that merged language pedagogy with CT competencies, teachers adopted the role of creative content
developers, moving beyond the traditional textbook-based approach. Their adaptations of Le Petit Prince and Brown Bear,
Brown Bear, What Do You See? showcased how computational thinking, digital storytelling, and L2 literacy instruction
can be effectively intertwined. The participants expressed a heightened awareness of how computational practices, such
as decomposition and modularity, paralleled traditional literacy strategies, such as outlining and text structuring,
reinforcing the argument by Jacob & Warschauer (2018) that CT should be considered a fundamental literacy in digital
learning environments (Duran, 2025).

4. Conclusion & Implication

This study explored how pre- and in-service English language teachers applied CT competencies—such as
abstraction, algorithmic thinking, and decomposition—while designing interactive storytelling tasks. The findings show
that participants not only demonstrated CT skills but also engaged in creative literacy practices, aligning with Jacob and
Warschauer’s (2018) view of CT as an essential literacy. By integrating CT and digital storytelling, teachers shifted from
technology consumers to designers of multimodal narratives that support L2 literacy development. These findings
foreground important implications for language teacher professional development. Training programs should connect CT
principles to language teaching, offer hands-on practice with digital storytelling tools, and encourage reflection on CT’s
role in fostering digital literacy. Embracing CT as both a cognitive skill and literacy practice can help language teachers
create more engaging, inclusive, and future-ready classrooms.
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Abstract: This analysis investigates the application of an Auto Marking System (AMS) in primary school Information
Technology (IT) education, focusing on MIT App Inventor. Acknowledging the limitations of conventional manual grading,
the work delves into AMS as a means to enhance the evaluation process. It presents a well-organized method for AMS
adoption and emphasizes major difficulties in assessing App Inventor coding tasks. For educators, AMS significantly
reduces grading time, while students gain from immediate feedback and tailored educational experiences. Furthermore,

the paper discusses challenges in automated assessment and considers possible advancements in this evolving domain.

Keywords: Auto Marking System, MIT App Inventor, Coding Education, Elementary Education, Programming

Language Processing

1. Introduction

Studies across multiple higher education institutions have shown that grading in IT courses consumes up to 30% of
instructors' time, while suffering from inefficiency, subjectivity, and delayed feedback (Paiva et al., 2022). This grading
challenge has intensified in recent years across all educational levels, with particular complexity emerging in contexts
where visual programming tools like MIT App Inventor are used, as these increase the difficulty of assessment due to the
visual and interactive nature of student submissions. Research indicates that automated assessment must extend beyond
verifying functional correctness to incorporate multidimensional metrics such as code efficiency, readability, and logical
complexity (Paiva et al., 2022). These metrics enable instructors to evaluate critical aspects of student learning, such as
algorithmic thinking and code organization skills, which are essential indicators of programming proficiency. However,
current systems predominantly use statistical features and rule-based matching, limiting them to surface-level code
analysis. This fundamental limitation prevents a deep understanding of code semantics, especially when evaluating open-
ended or project-based assignments, where assessing students' creativity and problem-solving skills requires more
sophisticated analysis (Ramesh & Sanampudi, 2022). Furthermore, while educational platforms like Scratch or App
Inventor successfully engage students through gamification, current automated assessment methods struggle to evaluate
the resulting work effectively. Specifically, these tools' rule-based metrics cannot adequately capture higher-order skills
such as computational thinking and logical reasoning, which are essential learning outcomes in programming education
(Martinez-Murciano & Pérez-Jorge, 2024; Pérez-Jorge & Martinez-Murciano, 2022).

This paper examines the application of Auto Marking Systems (AMS) in coding education. Traditional grading
methods place considerable burdens on educators, leading to inconsistencies that compromise fairness and fail to meet
individual learning needs. By streamlining the evaluation process, AMS ensures consistency, boosts efficiency, and
delivers immediate feedback. In the context of MIT App Inventor, this paper demonstrates how automated assessment

can improve elementary-level IT education.
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2. Construction of coding file

This section examines the architecture of MIT App Inventor project files (aia), which form the foundation for
implementing the Auto Marking System (AMS). Functionally, aia files operate as compressed archives that bundle two
core components—scm and bky files—alongside supplementary media attachments (e.g., images, audio). Upon extraction,
these files are organized into a unified directory without altering their native formats. The scm files, encoded in JSON,
store the program’s functional logic, such as event handlers and algorithmic workflows. Conversely, bky files utilize
XHTML markup to define visual interface elements, including buttons, layouts, and interactive widgets. By parsing these
components, the AMS evaluates both technical execution (e.g., logic accuracy) and design coherence (e.g., Ul usability),
enabling holistic assessment of student submissions.

3. Design of AMS

The advancement of the AMS calls for a well-rounded strategy, incorporating four key elements. First, it involves
tackling issues linked to Al, ensuring its use corresponds with our goals. Second, defining effective marking criteria is
essential for precise assessment and evaluation. Third, choosing a suitable coding language is important for optimizing
performance and compatibility. Lastly, algorithmic programming forms the backbone of structuring and enhancing the

system’s functionality. Together, these elements contribute to the successful progress of AMS.
3.1. A realistic consideration—Al or not Al

Our team considered Al as an option, but it didn’t meet our expectations. While it had certain advantages, its
drawbacks outweighed the benefits in our case. Consequently, we chose to explore other methods.
Table 1. Scenario Comparison.
Traditional Rule-based Scoring Distilled Model Al
Question Type Complexity | Simple types (e.g., multiple-choice, | Complex types (e.g., essays, open-

fill-in-the-blank) ended responses)

Scoring Criteria Explicit, structured rules Ambiguous, requires semantic
understanding

Data Requirements o Requires large amounts of labeled
No training data needed
data
Hardware Resources Low-end servers Medium/high-performance servers
(GPU required)
Privacy Requirements No special requirements Prioritizes localized deployment

Traditional rule-based scoring is more suitable for local schools due to its lower costs, minimal hardware
requirements, and ease of maintenance by general IT technicians, which makes it well-suited for standardized assessments.

3.2. Marking Criteria

This involves categorizing coding assignments into task- oriented and project-oriented problems by their distinct
evaluation parameters. Task-based problems are evaluated based on predefined solutions, whereas project- oriented

problems require innovative and individualized assessments. This essay focuses exclusively on task- based problems.
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Receive .aia file

3.3. Selection of Coding Languages

Decompression

The AMS is optimized for operation on Windows systems, prioritizing

gla

languages natively supported without additional installations. Our previously
research using Batch (BAT) plus Visual Basic for Applications (VBA), which
are preferred for their innate compatibility with Windows and Microsoft Office.
This article tried to use an alternative approach through Python Packing. It

Attachments of Multimedia

scm file by JSON | bky file for Ul layout

generates an executable file to run the coding individually on any device l l

without Python environment.

Parse Code Logic | | Verify Ul Components

Figure 1. The workflow of AMS

Scoring Rules Engine

3.4. Algorithm Programming

The AMS establishes a comprehensive marking framework to efficiently address task-oriented coding assignments.
This framework is essential for the systematic evaluation of coding tasks that may not conform to a standard structure.
The operational methodology of the AMS is delineated in the following steps:

3.4.1. Data Extracting

Utilize compression software to extract the contents of the aia file, employing a method that omits subfolders to
facilitate a streamlined review process. The extracted files are then displayed in the current directory for convenient access
and analysis.

3.4.2. Keywords Counting and Matching

Develop an algorithm to detect and count specific coding elements within submissions, enabling the AMS to not only
confirm the presence or absence of required block types but also to assess the overall coding structure.
3.4.3. Marks Assigning

Ensure the marking process conforms to the educational institution’s standards. To perform an in-depth evaluation,
multiple code elements may be required to satisfy a single criterion. The AMS assigns marks to each relevant element
and combines them to determine the final score for each task.

4. Testing

To evaluate the time efficiency of traditional manual marking, we divided the process into three phases: Pre-treatment,
Evaluation, and Documentation, measuring the time spent in each. The same phased approach was then applied to AMS,
allowing for a direct comparison of time consumption between the two methods.

4.1. Pre-treatment

This phase involved preparing the aia files for assessment, ensuring they were in the correct format and be able to
upload to App Inventor web complier.
4.2. Evaluation

The core of the testing process, this phase, involved evaluating a wide variety of aia files, demonstrating different
levels of coding complexity and component selection accuracy. The evaluation criteria included precision in marking and
efficiency in processing time.

4.3. Documentations
In this phase, the outcomes of the AMS evaluations were documented, focusing on performance metrics such as

marking accuracy, time efficiency, and error identification.
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5. Results

A group of 33 students was selected for evaluation using both techniques. The outcomes highlighted a remarkable
improvement in accuracy and consistency with AMS over conventional manual marking. AMS showed exceptional
precision in identifying correct and incorrect coding components, while reducing assessment time by about 81%.
Additionally, its intuitive layout and enhanced design made the grading process easier for instructors to manage.

Time Comparison Between Manual Marking and AMS
(in Seconds)

80
60
40
MUY LU
o 1l I | Imirinl

N pre-treatment  EEEEE evaluation documentation s AMS

Figure 2. The Time Comparison Between Manual Marking and AMS (in Seconds)
6. Conclusion

The analysis concludes that using an Auto Marking System (AMS) in MIT App Inventor coding classes in primary
schools significantly improves the evaluation process. AMS not only boosts efficiency but also provides prompt, detailed
feedback, creating a more interactive and flexible learning environment. While the system shows considerable promise,
the study points out certain challenges, such as its reliance on fixed criteria and the necessity for regular updates to stay
aligned with changing coding standards. Future studies plan to integrate artificial intelligence to enhance the grading
system and expand AMS’s use to additional programming languages and educational levels. This analysis illustrates the

impact of technology in transforming educational assessment practices.
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Abstract: In the context of the rapidly evolving artificial intelligence era, educational researchers are increasingly
exploring the integration of programming tools into mathematics classrooms. However, most studies usually focus on the
impact of programming on mathematics learning outcomes and attitudes, and only a few studies focus on how
programming affects students’ mathematical reasoning processes. This study aims to fill this gap by investigating how
engagement in a programming environment influences a student s mathematical reasoning processes, particularly in the
context of understanding the second difference of quadratic growth. One seventh-grade student completed the task in two
semi-structured interviews, one in a paper-based setting and the other using Scratch. This study used open coding to
analyze the student’s reasoning process. The findings suggest that, for the student in this study, the programming
environment appeared to help restructure and optimize his spatial reasoning, enabling him to explicitly identify the source
of the second difference. This study demonstrates the potential of programming as a technological tool to facilitate
students’ mathematical reasoning and informs how teachers can design function-related tasks in programming

environments.

Keywords: Programming, Mathematical Reasoning, Spatial Reasoning, Quadratic Growth, Second Difference

1. Background

In response to the growing emphasis on Science, Technology, Engineering and Mathematics (STEM) education in
the 21st century, many studies have advocated the integration of programming into mathematics curricula (Wang et al.,
2022). Unlike the static process in paper-and-pencil environments, programming’s interactivity and immediate feedback
help students develop logical reasoning and problem-solving through creating, debugging, and modifying code
(Kaufmann & Stenseth, 2021; Ng & Cui, 2021). In addition, programming has the potential to support students in
communicating through multiple representations, such as words, symbols, and diagrams, making abstract concepts more
concrete (DeJarnette, 2019).

Despite these advantages, research has largely focused on the impact of programming on students’ learning outcomes
and attitudes (Wang et al., 2022), with relatively few studies investigating how programming environments influence
students’ mathematical reasoning processes. On the other hand, students may find it difficult to express their reasoning
in a paper-and-pencil environment, making it difficult for teachers to observe and support their reasoning (Herbert, 2021).
This limitation highlights the necessity of exploring other alternative ways to understand students’ reasoning processes.
Programming environments offer such an opportunity to externalize aspects of students’ reasoning by translating their
mathematical understanding into explicit, sequential commands (Olteanu, 2022). The tangible artefact of completed code
can provide insight into how students organize and interpret mathematical relationships. Therefore, we designed a
mathematical task to explore how a student’s reasoning processes unfold in a programming environment. The guiding
research question is: How does engagement in a programming environment influence a student’s mathematical reasoning

processes, particularly in understanding the second difference of quadratic growth?
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2. Methodology

2.1. Participant and Research Design

The participant in this study was Wang (pseudonym), a Chinese seventh-grade student who had not yet learned
function at school but was familiar with Scratch. Two one-on-one semi-structured task-based interviews were conducted
after school, each lasting 1.5 hours. In each interview, Wang was asked to complete specified mathematical tasks, and the
researcher guided his thinking with questions like, “Why do you think so?” and  “Why do you do this?”

2.2. Task Design

In order to explore students’ mathematical reasoning processes, a task was devised in which the first and second
differences of a quadratic function were placed in a growing square pattern. Given that mathematical reasoning may play
a particularly important role in connecting numerical and spatial representations (Morsanyi et al., 2018), quadratic growth
includes both representations to provide a suitable context for this study.

The task consisted of two activities, one in a paper-and-pencil environment and the other in a programming
environment, corresponding to the two interviews. To clarify the relevant mathematical concepts, we used the quadratic
function y = x2 where x represents the side length of a square and y represents the area, with a growing square as the
figural pattern (Figure 1). For this case, assuming the side length increases by 2 each time, the area would be 1, 9, 25,
49... The first difference of the area would be 1, 8, 16, 24..., and the second difference remains constant at 8. This
framework guided Wang’s exploration of the second difference.

In the first activity, Wang drew squares with increasing side lengths on gridded paper and analyzed changes in side
lengths, first differences (area growth), and second differences (change of growth rate). In the second activity, Wang
recreated one selected growth pattern using Scratch’s cloning feature. The initial code included a parent square of side
length 30 as the unit (Figure 2). Wang programmed the animation, explained the logic of his code, and identified the
second difference within the animation.

2.3. Data Collection and Analysis

Data collection included audio and video recordings, Scratch code, and written work. Wang’s reasoning processes
were analyzed through open coding using MAXQDA, with memos tracking cognitive shifts. This preliminary analysis
serves as the foundation for refining codes and identifying themes to develop Wang’s cognitive model in future work.

3. Results

Wang explored several different square growth patterns by drawing a series of shapes on paper in the first activity.
Among them, we chose the concentric square growth (Figure 1) for detailed reporting because Wang chose this growth
pattern to replicate in the programming activity. This section describes Wang’s reasoning in both activities.

3.1. Wang’s Reasoning in Activity 1

At the beginning of the first activity, Wang relied on numerical reasoning to analyze changes in the area of a square.
He set the sides of the concentric square growth to increase of 2 starting from 1, and systematically calculated the areas
of four squares with sides 1, 3, 5, and 7 to be 1, 9, 25, and 49, respectively, and then he further calculated the increments
of the areas to be 8, 16, and 24. Finally, he did the difference to get that the second difference was always 8 (Figure 3a).
When the researcher further guided Wang to explain where the number 8 came from in the figural pattern, Wang
switched to a spatial reasoning. He divided the square into 1x1 cells according to the size of the parent, and quickly

painted two 1x4 black rectangles on the left and right sides of the figural pattern (Figure 3b). Then he gave the following
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explanation, “Here are these three little squares (points to the top three squares in the red circle), if you just slide them up
a bit, they’ll cover this part (points to the top three squares in the purple circle). Then these six squares (counts the
remaining six squares in the red circle), you can take them and arrange them side by side, and slide them down here
(points to the row of squares under the purple circle). After that, what’s left is just this 2x4 block, right?”

These observations suggest that Wang attempted to explain the source of the second difference through spatial
transformations. However, he mistakenly included the original 1x1 blue square in the first difference (red circle), leading
to an overestimation of the red circle’s area. Specifically, the red circle should have contained five squares, but Wang
counted it as six. This indicates that he had not fully understood that the second difference corresponds to the area
difference between successive layers. In addition, while he reasoned that the remaining six squares from the red circle
could be rearranged and shifted to fill the bottom of the purple circle, there were in fact only five squares available in that
position. Therefore, although Wang exhibited some spatial reasoning abilities, his reasoning largely relied on intuitive
visual matching rather than on constructing a precise connection between geometric configurations and changes in area.

3.2. Wang’s Reasoning in Activity 2

In the programming environment, Wang initially assigned each clone a specific sequence of moves to build the
growing square. Starting from the last square in the previous layer, each new square moved left, up, right, down and then
left again to complete a surrounding frame. For example, after creating the initial 1x1 square, it moved 1 unit to the left,
1 unit up, then 2 units to the right, down and left to form a 3x3 square (Figure 3c).

After constructing squares with side lengths of 1, 3, 5, and 7 in turn, Wang noticed that his code was becoming
increasingly lengthy. He thought there may be a pattern that allows the code to be shorter. Wang carefully examined the
values in the code and the corresponding animations, and reasoned by considering himself as the parent square. He
repeated his reasoning using the example of a square with side length 3, “So, the parent square needs to move one step to
the left to get into the next layer, and then one step up. Because the whole side length is 3, and I’'m starting from the center,
I need to go ‘side length minus 2’ steps up. After that, it goes two steps to the right. Since the previous square already
takes up one step, it’s actually ‘side length minus 1’ steps. It’s the same for going down and left, each time it’s ‘side
length minus 1° steps.” This reasoning suggests that Wang moved beyond intuitive visual matching toward rule-based
spatial structuring.

Building on this discovery, Wang created a variable named “side length" to dynamically represent the movement
steps in his code. He further integrated loop structures to simplify the repeated movement sequences. Finally, he added a
conditional statement that terminated the construction process once the figure reached the target side length (Figure 4).

After completing the programming task, Wang was once again asked to identify where the second difference “8”
appeared in the growing square structure. This time, Wang systematically analyzed how each circle contributed to the
increase in area, aligning his reasoning with the movement structure coded in his program. Wang explained the origin of
the first “8”, “First, when going up, the first circle moves up by 1 step, and the second circle moves up by 3 steps. So
that’s 2 more squares up. Then to the right, the first one moves 2 steps, and the second one moves 4 steps, so that’s another
2 squares. Same for going down and to the left—first 2 steps, then 4 steps, so again 2 more squares. So overall, that’s 8
squares added.” Thus, Wang reconstructed his understanding of the second difference by recognizing that the total

increase of 8 was evenly distributed across the four directions, with each direction contributing 2 additional squares.
4. Discussion and Conclusion

This study explored how engagement in a programming environment influenced a student’s mathematical reasoning
processes, particularly in understanding the second difference within a quadratic growth context. The findings reveal a
clear transformation in Wang’s reasoning trajectory from intuition-based spatial reasoning in a paper-and-pencil
environment to more structured and rule-based spatial reasoning through programming.
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Olteanu (2022) noted that programming activities enable students to externalize mathematical thinking through
dynamic constructions. Wang’s case confirms this, as his mathematical reasoning process became visible and readily
analyzable through the structure of his code. Wang’s case further illustrates how the programming environment
fundamentally reshaped his spatial reasoning. This shift is closely related to programming logic, which emphasizes
moving from the concrete to the abstract (DeJarnette, 2019). For example, the unique looping feature of the programming
environment prompted Wang to actively look for patterns to simplify his construction when faced with increasingly long
code, thereby facilitating pattern recognition and structural reasoning. Similarly, the ability to create variables provided a
mechanism for associating numerical quantities with spatial transformations. For example, Wang created a “side length”
variable to relate the side length to the number of movement steps.

Furthermore, Hernandez-Zavaleta et al. (2023) emphasized that programming environments can enable students to
manipulate sprites’ movements from a first-person perspective, integrating dynamic sense-making with geometric
concepts such as angles and distances. This is supported by the case of Wang in this study. The programming environment
encouraged Wang to assume that he was the parent square, which prompted him to focus on the dynamic direction of
movement. This shift in perspective enabled him to later decompose the second difference into four directional increments.

This study provides practical insights for educators on using tasks that include both numerical and spatial elements
when designing programming-based mathematical tasks to promote deeper mathematical reasoning among students.
However, this study is based on a single student’s engagement with a specific task, limiting the generalizability of the
findings. Future research involving a wider range of students, different types of programming tasks, and longer
intervention periods will help to elucidate how programming environments systematically influence the development of

mathematical reasoning.
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Appendix

|

Figure 1. Figural pattern of the growing square.

when | start as a clone

Size 30 Direction 90

clear graphic effects
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Initial position of the clone

» The clone moves left 1 unit

The clone moves up (side length - 2) units

The clone moves down (side length - 1) units

The clone moves left (side length - 1) units

Conditional sentences control when to stop
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Figure 4. Wang’s final code to show the animation of the concentric square growth.
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Generative Al and Four-Learning Teaching Applications:
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Abstract: This study aims to explore how generative Al tools can be integrated into the teaching of the Tower of Hanoi
algorithm by incorporating the “Four-Pillar” educational approach: self-regulated learning, collaborative learning,
mutual learning, and guided learning. A curriculum package was designed on the ADL (Adaptive Learning) digital
learning platform, including video instruction, gamified exercises, group discussions, Al-assisted learning, and
programming tasks, guiding students to derive the Tower of Hanoi algorithm. Through the digital platform, students not
only learn the rules and solutions through gamification but also gain an understanding of the underlying algorithm and
apply it in practice. The results show that this model effectively enhances learning motivation and computational thinking,

promotes the deep integration of information technology into teaching, and analyzes the supportive role of generative Al

tools (such as e %) in self-regulated learning and problem-solving.

Keywords: Tower of Hanoi, Algorithm, Computational Thinking, Four-Pillar Learning Model, Adaptative Learning
(ADL)
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Abstract: Computational Thinking (CT) has emerged as a crucial 21st-century skill, considered fundamental for all
students. Nations worldwide have responded by integrating CT and coding into school curricula, with over 30 countries
mandating computing education from early grades. India’s National Education Policy 2020 (NEP 2020) similarly
emphasizes CT and coding as essential, introducing these concepts from the middle school level. This policy push has
catalyzed efforts to weave CT into K-12 education, but significant challenges persist. A lack of a structured CT curriculum
framework, limited classroom time and computing resources, and gaps in teacher training hinder effective
implementation. This paper reviews the current state of CT education in India in light of NEP 2020, identifies key
challenges in integrating CT into primary and middle school (Grades 1-8), and offers recommendations for establishing
a comprehensive CT framework. The recommendations focus on curriculum development, cross-curricular integration
with mathematics and science, teacher professional development, and inclusion of emerging topics like artificial
intelligence. Despite present challenges, India’s proactive policies and growing grassroots initiatives provide a positive
outlook for embedding CT across the education system. Establishing a clear framework and support system will enable
Indian schools to empower every student with CT skills for the future.

Keywords: Computational Thinking; NEP 2020; K-12 CT Curriculum; CT Pedagogy; Teacher Training, Capacity

Development

1. Introduction

Computational Thinking (CT) involves skills like decomposition algorithmic thinking and abstraction. It equips
students to approach problems logically, much like computer scientists, even without direct coding skills. Globally, CT
has been increasingly recognized as a vital skill, with over 30 countries formally integrating it into their school curricula
and India's National Education Policy (NEP) 2020 has also adopted this global trend by introducing CT and coding from
grades 6 through 8. This paper reviews the present state of CT education in Indian primary and middle schools, examines
the challenges educators face in implementation, and provides practical recommendations to effectively embed CT into
the curriculum, building on the momentum set by NEP 2020.

2. NEP 2020’s Emphasis

The introduction of the National Education Policy (NEP) 2020 was pivotal, formally establishing CT and coding as
central elements of Indian education. The policy specifically introduces coding from Grades 6-8, encouraging students
to practice algorithmic thinking and logical reasoning regularly. With NEP 2020’s directive, educators and curriculum
developers have begun embedding fundamentals of coding, robotics, and introductory concepts in emerging technologies
like artificial intelligence within the curriculum. The goal goes beyond mere digital literacy, focusing instead on nurturing

computational problem-solving abilities across student populations.

2.1. Pre-NEP Initiatives by non-profit agencies (CSpathshala)
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Prior to NEP 2020, grassroots initiatives like CSpathshala, launched by ACM India Council in 2016, had already
begun promoting CT in schools. CSpathshala introduced a curriculum emphasizing "unplugged" methods, allowing
students to learn computing concepts without needing extensive technological infrastructure. By 2019, it reached
hundreds of schools nationwide, significantly influencing state education boards like Tamil Nadu, where CT was
integrated into mathematics for approximately 10,000 schools. Despite substantial teacher training and local-language
resources, these early efforts remained voluntary, leading to inconsistent adoption.

2.2. Post-NEP Adoption Surge

Following NEP 2020, CT gained broader momentum in Indian education. The Central Board of Secondary Education
(CBSE) rolled out coding curricula from Grades 6-8, focusing on project-based and visual programming approaches.
Concurrently, many private institutions-initiated robotics and coding courses, and educational publishers updated
textbooks with new CT activities. However, significant disparities persist—urban schools have swiftly integrated CT,
while rural schools continue to struggle with infrastructure limitations and insufficient teacher preparation, highlighting
the ongoing need for a standardized, nationwide framework.

2.3. Global Comparison: India, UK & China

The UK Computing Curriculum mandates CT from age 5, supported by CPD for teachers via NCCE. China, since
2017, embedded CT and Al education into its national system with tech partnerships and clear grade-wise outcomes.
Compared to India’s decentralised and delayed model, both countries show the impact of early integration, state backing,

and consistent teacher training. Their models can guide India’s CT roadmap, especially for CIE-aligned institutions.
3. Challenges in Implementing CT in India

Despite enthusiasm for CT in principle, Indian schools face several challenges in translating policy into practice. Key
issues include:

3.1. Absence of a Structured CT Curriculum (Grades 1-8)

Currently, India lacks a detailed, nationally standardized curriculum for computational thinking (CT) in Grades 1-8.
Although NEP 2020 broadly encourages integrating CT into school curricula, there is no clear roadmap specifying what
exact skills should be taught at each grade. Consequently, schools and publishers develop their own interpretations,
resulting in inconsistent and fragmented teaching approaches.

3.2. Limited Classroom Time for ICT/CT

In many primary and middle schools, the timetable allocated for ICT classes are often just two class per week. These
ICT classes traditionally focus on basic computer usage or applications, leaving scant time for CT activities. With such
constraints, it is challenging to engage students in meaningful CT practice beyond superficial exposure. Without

increasing or reprioritizing time for CT, schools struggle to go deeper than simple demonstrations.
3.3. Shortage of Devices and Infrastructure

A major practical barrier in India is the lack of sufficient computing devices and infrastructure in schools, especially
outside of well-funded urban institutions. As of a few years ago, only roughly 27% of schools in India had computers,
often outdated, and limited in number. This digital divide makes it difficult to implement CT activities and forces most

schools to rely on low-tech or unplugged methods.

3.4. Textbook Content and Proprietary Focus
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ICT textbooks in India predominantly focus on teaching students proprietary software skills rather than fundamental
computational thinking. Textbooks often emphasize procedural software usage, neglecting deeper problem-solving,
logical reasoning, or algorithmic thinking. The integration of free or age-appropriate coding resources is limited, further
hindering effective CT development among students (Table 1).

Tablel. — Textbook Analysis

Grade Level Computational Topics Covered Observations

-1 Basic literacy, introductory coding Minimal CT integration

1 -v Productivity software, block coding Superficial CT coverage
VI-VII Web basics, ethics, basic Al concepts Limited authentic CT application

3.5. Pedagogical and Teacher Training Gaps

A critical challenge in implementing CT is the limited preparedness of teachers. India's teacher education programs
(e.g., B.Ed.) traditionally lack computational thinking and computer science training. Consequently, ICT teachers often
lack formal CT pedagogical skills, and computer instructors with technical backgrounds may lack familiarity with
effective teaching methods for younger learners. Effective implementation thus necessitates robust professional
development in CT pedagogy to ensure teachers can confidently deliver the curriculum.

4. Recommendations for a CT Framework

To successfully integrate computational thinking into India’s K-12 education, a holistic framework is needed,
supported by curriculum guidelines, teacher development, and infrastructure improvements. Below are key
recommendations:

4.1. Develop a National CT Curriculum (Grades 1-8)

A clear national CT curriculum should define grade-specific computational thinking skills, ensuring consistent
learning across schools. Inspired by international frameworks like CSTA, the UK Computing Curriculum, and China’s
national Al roadmap, it should emphasize logical reasoning, practical problem-solving, and unplugged activities beyond
coding alone. The upcoming revisions of India's National Curriculum Framework (NCF) offer a timely opportunity to
introduce structured CT standards, ensuring aligned textbooks and coherent skill progression nationwide.

4.2. Curriculum Content on Emerging Topics

The CT curriculum should introduce contemporary computing topics like Artificial Intelligence (Al) and data science
at age-appropriate stages. Middle-school students, for instance, could engage in simple, conceptual activities such as
classifying images to understand abstraction or exploring basic data analysis to foster logical thinking. This practical,
inquiry-based approach can make CT relevant and engaging, aligning with India's emphasis on future-ready education

and innovation.
4.3. Integrate CT within Mathematics and Science

The curriculum framework should integrate computational thinking (CT) within mathematics and science classes
rather than isolating it as a standalone subject. Activities such as using pattern recognition in mathematics or analyzing
data sets in science lessons naturally embed CT skills into everyday learning. This approach ensures consistent practice,

maximizes limited ICT class time, and helps students appreciate CT as an integral, practical problem-solving method
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across subjects. Successful examples, like Tamil Nadu's integration of CT into math education, show this approach is
effective and scalable in the Indian context.

4.4. Teacher Training and Capacity Building

Effective CT integration depends heavily on teacher preparation. A comprehensive approach, including both in-
service workshops and pre-service teacher training, should be established. In-service workshops should focus on CT
pedagogy, classroom techniques, and practical resources, while pre-service (B.Ed.) programs must incorporate essential
CT modules. Strengthening teacher competencies will significantly enhance effective CT instruction in classrooms.

4.5. Policy and Administrative Support

Effective CT implementation requires firm backing from education authorities. National and state boards should
formally adopt CT competencies and provide clear school guidelines, including regular assessments or project-based tasks
to reinforce implementation. Continued investment in infrastructure—such as computer labs and reliable internet—is
crucial, and public-private partnerships should support curriculum development, resource provision, and teacher training.
Systematic evaluation of pilot initiatives will enable policymakers to scale successful practices uniformly.

With these coordinated efforts—a structured curriculum, integrated teaching methods, empowered teachers, resource
availability, and supportive policy—India can effectively embed computational thinking into its education system, laying
a strong foundation for future learners.

5. Conclusion

Computational Thinking (CT) is a key 21st-century skill, and NEP 2020 has emphasized its role in school education.
While progress has been made, challenges like curriculum gaps, resource constraints, and inadequate teacher training
persist. Addressing these through a structured CT framework, cross-curricular integration, teacher development, and
infrastructure support—especially with low-tech solutions—can ensure widespread adoption. With collective efforts from
policymakers, educators, and stakeholders, India can equip students with essential computational skills for a technology-
driven future.

References

Ministry of Education, Government of India. (2020). National Education Policy 2020. New Delhi

Berry, M. (2013). Computing in the national curriculum: A guide for primary teachers. Computing at School.

China Ministry of Education. (2018). Action Plan for Artificial Intelligence Innovation in Schools.

Shah, V. (2019). CSpathshala: Bringing computational thinking to schools. Communications of the ACM, 62(11), 30-34.
https://doi.org/10.1145/3363187

Wing, J. M. (2006). Computational thinking. Communications of the ACM, 49(3), 33-35.
http://doi.acm.org/10.1145/1118178.1118215

111


https://doi.org/10.1145/3363187
http://doi.acm.org/10.1145/1118178.1118215

Kong, S. C.,, Hsu, T. C., & Zhao, J. H. (Eds.). (2025). Proceedings of the 9th International Conference on
Computational Thinking and STEM Education. Hong Kong: The Asia-Pacific Society for Computers in Education.

Metacognitive Awareness, Self-Regulation Confirmation, Inventive Self-Efficacy
and Continuous Self-Improvement: Differences in School Grade from an

Invention Exhibition

Jia Sheng NGALI*, Jon Chao HONG?"
! Chang Gung University, Taiwan
2National Taiwan Normal University, Taiwan
jason.js.ngai@gmail.com, tcdahong@gmail.com

Abstract: The International Exhibition for Young Innovators (IEYI) serves as a unique platform for young innovators to
showcase their STEM-driven inventions, fostering creativity and collaboration. Celebrating its 20th anniversary in 2024,
this study investigates the impact of metacognitive awareness, self-regulation confirmation, inventive self-efficacy and
continuous self-improvement on young inventors’ development. Through the lens of STEM education, these cognitive
factors are crucial for addressing complex problems, driving innovation, and enhancing problem-solving abilities. This
study explores how these elements influence the design, iteration, and evaluation of inventions in a competitive setting,
providing valuable insights into the role of metacognitive processes in shaping the cognitive and creative abilities of

young inventors.

Keywords: Metacognitive Awareness, Inventive Self-Efficacy, Self-Regulation Confirmation, Continuous Improvement,
STEM Education

1. Introduction

Competitions like the International Exhibition for Young Innovators (IEYI) challenge participants to not only
demonstrate their technical skills but also apply higher-order thinking processes to define objectives, set goals, and solve
complex STEM problems. In these settings, participants must use metacognitive strategies to navigate the design process,
analyze results, and refine their solutions. During adolescence, cognitive and psychosocial development accelerates,
enhancing the ability to engage in abstract thinking, critical problem-solving, and self-regulation (Barbot & Heuser, 2017).
These advancements are particularly impactful in STEM fields, where creativity and innovation are essential to
developing new technologies and inventions (Ma et al., 2024). One notable example of STEM in real-world innovation
is the development of low-cost 3D-printed prosthetic hands for amputees. This invention applies science by studying
human hand anatomy and biomechanics, technology through 3D modeling and printing, engineering in designing a
functional and durable structure, and mathematics in calculating joint movements and grip strength (Nibe et al., 2023). In
the Taiwan Youth Invention Exhibition, students from different academic levels—elementary, junior high, and high
school—collaborate to design and build STEM-focused devices, using metacognitive strategies to meet the competition’s
rigorous criteria.

2. Methodology

The study employed a purposive sampling method, resulting in a total of 192 responses, of which 185 were valid,
yielding a valid response rate of 96.35%. Among the participants, 82 were male (44.3%), and 103 were female (55.7%).
The majority of participants (123; 66.5%) were aged 15, while 62 participants (33.5%) were aged 16.
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To analyze differences among grade (elementary, junior high, and high school) across Metacognitive Awareness,
Inventive Self-Efficacy, Self-Regulation Confirmation, and Continuous Improvement Intention, a one-way ANOVA was

conducted. Post hoc comparisons were performed using Scheffe’s test to identify significant group differences.
3. Result

A one-way ANOVA was conducted to examine the differences among different grade (elementary, junior high, and
high school) in terms of Metacognitive Awareness, Inventive Self-Efficacy, Self-Regulation Confirmation, and
Continuous Improvement Intention. The results are summarized in Table 1.

Table 1: School grade differences across constructs.

Construct SchoolGrade N M SD F P Post hoc
test
Metacognitive Awareness Elementary 43 427 058 5.06** 0.007 3>2

Junior High 53 4.08 0.70
Senior High 82 439 044

Self-Regulation Confirmation Elementary 43 4.28 048 6.32**  0.002 3>2
Junior High 53 4.05 0.79
Senior High 82 441 0.43

Inventive self-efficacy Elementary 43 419 056 5.15* 0.007 3>2
Junior High 53 4.00 0.71
Senior High 82 4.34 054

Continuous self-improvement Elementary 43 426 051 5.58**  0.004 3>2
Junior High 53 419 0.71
Senior High 82 4.49 047

Metacognitive Awareness showed a significant difference among groups (F = 5.06**, p = 0.007). Post hoc analysis
using Scheffe’s test indicated that high school students (M = 4.39, SD = 0.44) had significantly higher metacognitive
awareness than junior high school students (M = 4.08, SD = 0.70).Self-Regulation (Confirmation) also demonstrated a
significant difference (F = 6.32**, p = 0.002), with high school students (M = 4.41, SD = 0.43) scoring significantly
higher than junior high school students (M = 4.05, SD = 0.79).Similarly, Inventive Self-Efficacy differed significantly
across groups (F = 5.15**, p = 0.007). High school students (M = 4.34, SD = 0.54) exhibited greater self-efficacy
compared to junior high school students (M = 4.00, SD = 0.71). Finally, Continuous Improvement Intention was
significantly different among groups (F = 5.58**, p = 0.004). High school students (M = 4.49, SD = 0.47) showed a higher
intention for continuous improvement than junior high school students (M = 4.19, SD = 0.71). Overall, the results indicate
a trend where high school students consistently report higher scores across all variables compared to junior high school
students. No significant differences were found between elementary and high school students.

4. Discussion

The findings of this study highlight significant differences in Metacognitive Awareness, Inventive Self-Efficacy,
Self-Regulation Confirmation, and Continuous Improvement Intention across different grade, emphasizing the
developmental impact of STEM education on students' cognitive and inventive abilities. Across all four measured
constructs, high school students consistently outperformed junior high school students, suggesting that as students’
progress in their academic journey, their ability to self-regulate learning, develop confidence in problem-solving, and

engage in iterative improvement processes strengthens. This aligns with prior research indicating that advanced exposure
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to STEM-related activities enhances students’ higher-order thinking skills and self-efficacy (Han et al., 2021). The
significant disparity between junior high and high school students underscores a potential developmental bottleneck in
STEM education during the junior high years. At this stage, students may encounter challenges in cultivating the
confidence and problem-solving skills essential for innovation (Li, 2023). This finding highlights the necessity for
targeted interventions in STEM curricula at the junior high level, including project-based learning, hands-on
experimentation, and Al-integrated STEM activities. Such pedagogical strategies could enhance students' cognitive
engagement and better prepare them for the advanced analytical and inventive demands of higher education. Moreover,
the results emphasize the critical role of fostering Continuous Improvement Intention, a fundamental attribute in STEM
disciplines where progress is driven by iterative problem-solving and refinement (Ayala et al., 2021). The significantly
higher scores observed among high school students suggest that increased exposure to structured STEM experiences—
such as science fairs, robotics competitions, and coding challenges—contributes to the development of a mindset centered
on lifelong learning and self-directed improvement. These experiences may provide students with opportunities to refine
their metacognitive awareness and inventive self-efficacy through repeated cycles of hypothesis testing, feedback
incorporation, and innovation.

The findings of this study reinforce the importance of a robust and well-structured STEM education framework in
fostering students' cognitive and inventive capabilities. Given the observed disparities across academic levels, future
research should investigate the efficacy of specific STEM-based interventions aimed at strengthening metacognitive
awareness, inventive self-efficacy, and Self-Regulation Confirmation at earlier stages of education. By implementing
evidence-based curricular enhancements, educators and policymakers can work toward a more equitable and progressive
development of innovation competencies across different educational levels (Oecd, 2023).5. Main Text and Quotations

6. Conclusions

This study examined differences in Metacognitive Awareness, Inventive Self-Efficacy, Self-Regulation
Confirmation, and Continuous Improvement Intention across different academic levels. The results revealed that high
school students consistently outperformed junior high school students in all measured constructs, highlighting the role of
STEM education in fostering cognitive and inventive skills. These findings suggest that as students advance in their
education, their ability to self-regulate learning, develop confidence in problem-solving, and engage in iterative
improvement processes improves significantly.

The observed gap between junior high and high school students indicates a critical need to enhance STEM education
at the junior high level. Integrating more hands-on learning experiences, Al-assisted problem-solving activities, and
interdisciplinary STEM projects could help students develop stronger metacognitive and inventive skills earlier in their

academic journey.
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Abstract: Computational thinking (CT) is a necessary skill for the 21st century. However, with the lack of effective
pedagogy and guidance from visualization tools, students may be challenged to solve complex CT problems in the
practices. Accordingly, this study designed a design-based-augmented reality learning approach to mitigate the
challenges of CT development. A lag sequential analysis was conducted by recruiting 98 elementary school students to
examine the effects of the approach on students’  behaviors in developing CT. Results indicated that the proposed
approach improved the key behaviors that facilitate students’ CT practices, for example, redesigning algorithms,
evaluating solutions, decomposing problems and transferring learning. This study provides insights for teachers to update

their teaching concepts and approaches to integrate CT into other disciplines of instruction.
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1. Introduction

Computational thinking (CT) is a thinking activity that involves problem solving using methods from the field of
computer science (Yang et al., 2025), and has been recognized as one of the critical skills necessary for the 21st century.
The Compulsory Education Information Technology Curriculum Standards (2022 edition) emphasize explicitly the
importance of CT for students’ development by including it as one of the core literacy objectives of the discipline. Existing
studies have shown that CT practices facilitate the development of students’ general skills, such as problem solving,
critical thinking, and creative thinking (Wong & Cheung, 2020). However, new CT learners have challenges in
generalizing computational concepts and computational practices to solve daily issues. For example, they may
unintentionally misinterpret certain concepts and problem situations during the learning and programming process
(Kandemir et al., 2021). This study aimed to explore the effects of a design-based-augmented reality (AR) learning
approach on students’ behavioral patterns in developing CT to facilitate students’ CT cognitive processes and practices.

2. Research Design

In this study, a design-based-AR learning strategy was constructed, including five phases: (1) AR creating context;
(2) AR finding keys; (3) AR facilitating exploration; (4) AR encouraging creation; and (5) AR fostering transference. To
investigate the effects of design-based AR learning on students’ behaviors in the development of CT, this study took Al
Traffic Lights as the lesson’s subject and required students to create traffic lights with intelligent sensing and
transformations using Arduino hardware, software and graphical programming tools. The experimental group employed
the design-based-AR learning approach, provided a design log, AR learning resources, and scoring rubrics as a scaffold,
while the control group employed a conventional learning strategy provided learning task sheets, multimedia resources
such as videos, audio and pictures, and the same scoring rubrics. Students in the experimental group, supported by AR
resources, completed the preliminary traffic light model and had a discussion, analyzing its strengths and weaknesses

through evaluation, thinking about the necessity of the design to achieve the goal, and finding the reasons and key gaps.
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Guided by a scoring scale, each student scored and gave feedback on others’ work. After completing the grading, the
groups analyzed the limitations of the existing solutions in depth through cooperation and communication and optimized
the solutions and works. The control group was primarily instructed by the teacher. The teacher created scenarios and
demonstrated traffic lights with the support of videos and pictures, explaining to students the key issues and knowledge
in traffic light design. After observing the teacher’s operation and demonstration, students relied on the design scheme
and the fixed template provided by the teacher to create intelligent traffic lights. Finally, they conducted peer-to-peer
assessments and scored their work.

The design-based AR learning strategy in this study presents abstract knowledge in the form of more intuitive 3D
models or virtual scenes by creating animated AR resources to enhance students’ perception and understanding of the
knowledge (Figure 1). The 3D model library covers 3D models of various hardware and software elements related to Al
traffic lights, such as traffic light bodies, sensors, and signals, with a high degree of realism and detail. It can be operated
by rotating, zooming and panning to observe the model structure in all directions. The virtual scene builds a virtual city
traffic intersection scene, including roads, vehicles, pedestrians, pedestrian crossings and traffic lights. Students can
observe the operation status of traffic lights in different traffic flow and pedestrian crossing conditions.

AR resources create a traffic accident scenario in which a
Students design algorithms and codes for traffic lights | | pedestrian runs a red light, guiding students to think further
using the graphical programming tool. about how the traffic lights are supposed to intelligently
sense the pedestrian and make the switch.

Figure 1. The functions and examples of design-based-AR learning approach.

3. Method

3.1. Participants

In the study, lag sequential analysis (LSA) was employed to analyze students’ behaviors during the completion of
the Al Traffic Light task. The study participants (N=98), were 46 female (46.9%) and 52 male (53.1%) sixth-grade
students in southern China. All of these students were selected because they had previously participated in an Al teaching
program for visualization tools and had some similar learning experiences. In this course, they were assigned to study
groups of five students to ensure a consistent level of basic competence and initial knowledge in each group. We randomly
divided 98 students into an experimental group and a control group, with 49 students in each of the two groups. All

students were taught by the same teacher with extensive experience in teaching programming.
3.2. Data collection and analysis

To observe students’ behaviors during the CT development of design-based-AR Learning, we recorded each student’s
behavior throughout the learning process using video. We first collected video data from the 1-hour normal course.
Students were then asked to observe the AR resources and create two different Al traffic lights during the 1-hour session,
documenting their projects according to the design log or task sheet provided. In addition, we use video to identify student

behaviors that improve their work based on scoring rubrics and peer feedback.
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Table 1. The coding table of learning behaviors for CT development.

Code Content Description

A Abstracting the gap Thinking about a problem from the whole perspective to identify gaps.

B Examining the rubrics  Reading CT works scoring rubric.

C Searching the Internet  Browsing the Web and reading the information on the Internet.

D Decomposing Breaking down CT problems into more manageable sub-problems to solve them.

E Algorithming Planning solutions to problems to write algorithmic codes.

F Generalizing Recognizing the solutions to specific problems and applying them to similar problems.
G Evaluating Finding the best solution given the state of available resources.

H Re-algorithming Optimizing the solution and rewriting codes with better algorithms for a problem.

The video data was captured via video recording software installed on the students’ computers. We replayed the
video files and encoded all the video data. LSA was conducted by using GSEQ 5.1 software to analyze the pattern of
students’ learning behaviors during the CT development activities. The CT behavior coding scheme was adapted from
Tsai et al. (2021) and Lin et al. (2023), as shown in Table 1.

Video data was encoded by two researchers based on this coding scheme, and each researcher performed 15 seconds
to 15 seconds of real-time data encoding. Both researchers were trained before coding and the differences in coding were
discussed. The inter-rater kappa criterion of 0.864 was evaluated.

4. Results

This study examined the behavior patterns of students in the experimental and control groups in CT learning. It can
be seen from Figure 2 that both groups performed similarly in C—C, A—D and G—F. It means that all students showed
continuity in searching for information on the Internet (C—C). In addition, they exhibited two single sequences, i.e., from
Abstracting the gap to Decomposing (A—D) and Evaluating to Generalizing (G—F).

Figure 2. Behavior pattern diagram of control (left) and experimental (right) groups.
Students in the experimental group showed more algorithm behavior (E—E), as well as special sequences of G—F,

F—H, and H—G. In the CT development activity, students in the experimental group behaved more frequently with
generalization. They generalized after evaluating (G—F), reconstructed the algorithm via generalizing (F—H) and
evaluated it again (H—G). The control group, on the other hand, showed sequences of re-algorithm (G—H), continuing
algorithm (G—E) and generalizing (G—F) after the evaluation.

In addition, the experimental group exhibited a special sequence of B—B, B—D, C—D, and D—D. Their
decomposition behaviors were more frequent. They decomposed after repeatedly examining the rubrics (B—B, B—D),
as well as after searching for information on the Internet (C—D), and the decomposition behavior was recurrent (D—D).
In contrast, the control group did not show similar behaviors.

5. Discussion
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This study proposed a design-based-AR learning approach to investigate the effects of the approach on students’
behavior during the development of CT. In terms of the repeating sequence E—E, the students in the experimental group
repeated the algorithm design several times during the coding process. They continuously deepened the comprehension
of computational concepts, logical structures and problem solving methods, and gradually developed a more explicit and
structured framework of CT to optimize and adjust the code to improve the solution. In terms of the special sequence of
G—F—H—-G—A, students summarized their knowledge and existing experience after evaluating the original solution,
redesigned the algorithm, evaluated the feasibility of the proposed solution again, and checked the limitations of the
solution to better break down the task into easily handled sub-tasks. This pattern of behavior suggests that students, based
on evaluation and feedback, examine the problems from different perspectives and are better prepared to transfer their
existing learning experiences to new contexts finding more optimal algorithms and solutions when faced with similar
problems. These findings are consistent with the results of Lin et al. (2023), which also showed the positive effect of mind
visualization tools on CT development. In contrast, the control group behaved differently, after the evaluation, they
preferred to reconstruct the algorithm directly (G—H), continue the algorithm (G—E) or generalize (G—F). This means
that although they improved the algorithm quickly, they may have neglected the possibility of further exploring other
solutions and considering similar alternative situations, limited to a single solution.

We also found that the experimental group of students exhibited the B—B sequence, i.e., the behavior of repeatedly
examining the rubrics. They paid more attention to the repeated examination of the scoring criteria when producing the
Al traffic light works to grasp the objectives of the task more accurately, and then adjust their thinking and behavior. In
addition, they develop decomposition behaviors after abstracting the gap (A— D), examining the rubrics (B— D),
reading the information on the Internet (C— D), or decomposing the problems (D—D). In design-based-AR learning, the
CT development activities enable students to confront complex problems and concepts to capture the problem on the
macro level and dynamically prioritize the solution by further breaking it down into operational sub-tasks. These findings
are similar to the results of Yang et al. (2023), which also suggested that AR resources providing 3D visualizations
contribute to students’ problem decomposition skills.

This study reveals that the integration of CT development activities with visualization contexts provides students
with visual thinking guidance, which better helps them understand the complicated concepts of computational thinking
and improves their CT learning behaviors. It provides pedagogical guidelines for CT educational practices.
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Abstract: This study examines how self-demand and time availability influence STEM project performance among school
and university students in Arequipa, Peru. Using mixed methods, 14 projects were evaluated, revealing that school
students outperformed university peers (average scores: 73.1 vs. 65.1), largely due to structured support and fewer
external commitments. The findings highlight the sociological impact of institutional and personal constraints,
recommending balanced workloads, enhanced mentorship, and better resource allocation to improve STEM learning
outcomes across education levels. The study concludes that strategies emphasizing balanced workloads, targeted
mentorship, and improved resource allocation are essential for optimizing STEM project-based learning across different

educational stages.
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1. Introduction

STEM education plays a critical role in modern academic curricula, integrating science, technology, engineering, and
mathematics to equip students with essential problem-solving and analytical skills (Kim et al., 2015). The increasing
demand for professionals in STEM fields has led to the widespread adoption of educational strategies aimed at enhancing
student engagement and competency development (Soto, 2020). Among these strategies, project-based learning (PBL)
has proven particularly effective, fostering creativity, collaboration, and hands-on experience in real-world applications
(Jara et al., 2011). Differences in institutional support, curriculum, mentorship, and socio-economic conditions create
disparities in how students at various academic levels engage with and benefit from STEM education (Hsueh & Kuo,
2016).

Furthermore, the availability of time and the level of self-demand significantly impact student engagement and
performance in STEM projects. Academic pressure, extracurricular obligations, and external commitments can either
enhance or hinder a student’s ability to focus on project-based learning (Czerniewicz & Brown, 2014). Understanding
these dynamics is crucial for optimizing educational frameworks that support students across different levels of learning
(Levy & Schady, 2013).

The paper examines STEM education, project-based learning, and performance factors, offering insights on
improving student outcomes through balanced workloads, strong mentorship, and curriculum adjustments to ensure both

theoretical and practical skill development (Montés et al., 2023).

2. Methodology
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A sequential exploratory mixed-methods design was employed, integrating a quantitative component (evaluation of
projects using a standardized rubric) and a qualitative component (semi-structured interviews and/or open-ended
questionnaires) (Hernandez-Sampieri, 2010). The sociological approach (Sampieri et al., 1998) focuses on understanding
how contextual factors—particularly self-management (or “self-demand”) and time availability—affect students'
performance in STEM projects.

2.1. Sample selecting

The study involved 14 purposively selected STEM project teams—7 from secondary schools (ages 13-16) and 7
from universities (ages 19-22) in Arequipa. Each team met criteria including a STEM focus, voluntary participation with
institutional approval, and project completion within 1 to 4 months.

2.2. Project evaluation

The rubric was adapted from international PBL and STEM standards, incorporating criteria such as:
e Clarity and relevance of the problem to be solved.
e Methodological design and creativity in the solution.
e Implementation and validation of results.
¢ Quality of documentation, references, and final presentation.
Each criterion was scored on a scale from 0 to 10. The final score (maximum of 100) was obtained from the weighted
sum of the individual items.

3. Results

For the quantitative analysis, descriptive measures (means, standard deviations) were calculated for the rubric scores.
Mean comparison tests (independent samples t-test) were conducted to identify statistically significant differences in
performance between the secondary school and university teams.
The significance level was set at p < .05 (see Tables 1, and 2)
Table 1. School projects

Average Standard Scores
deviation
School 73.1 24 76, 70, 69.5, 73, 74.5, 73, 76

Table 2. University projects

Average Standard Scores
deviation
University 65.1 2.4 67, 66, 63.5, 65.5, 64, 65.5, 64.5
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Figure 1. School vs. University Projects
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Figure 1 compares the average scores of school and university projects for each evaluation criterion, school projects
outperform university projects across all criteria, with consistently higher scores in categories such as introduction,
problem determination, solution design, and documentation.

Total Average Score
N w B w o ~
o o o o o o

=
o

o

School Projects University Projects

Figure 1. Total Average Scores
Figure 1 presents the overall performance of the two groups, showing that school projects had a significantly higher
total average score (73.1) compared to university projects (65.1).

100
= School Students

W University Students
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Percentage of Positive Mentions

Figure 2. Comparison of positive mentions by theme (school vs. university)
Figure 2 compares the percentage of positive mentions across key themes (Motivation and Attitudes, Difficulties,
Quality of Learning, External Factors, and Recommendations) between school and university students.
School students consistently report more positive mentions across all themes, particularly in:
e Motivation and Attitudes (80% vs. 60%): School students feel more engaged and supported.
e External Factors (90% vs. 40%): Schools provide more resources and parental support compared to
university environments.

100

B Q @
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~
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Figure 3. Comparison of positive mentions by theme (school vs. university)
Figure 3 compares University students experience significantly higher stress (75%) during STEM projects than
school students (40%), due to academic overload, part-time jobs, and limited guidance. In contrast, school students benefit
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from structured support and fewer external pressures, underscoring the need for interventions to reduce stress in higher
education.

4. Conclusions

This study highlights a paradox in STEM project performance: although university students possess greater technical
knowledge, their output is hindered by stress, academic overload, and part-time work. In contrast, school students—
despite their lower technical expertise—achieve higher scores due to structured support and focused learning
environments.

Quantitative results show school teams averaged 73.1 on a standardized rubric, outperforming university teams, who
averaged 65.1. This superiority extended across various criteria, including documentation and project quality. Qualitative
data revealed that school students displayed higher motivation and engagement, while university students faced
fragmented schedules and external demands.

From a sociological lens, the lower performance of university students is linked to systemic issues in higher education,
where survival often trumps creativity. Conversely, school students benefit from consistent guidance and fewer external
pressures. This disparity is reinforced by stress data: 75% of university students reported high stress, versus 40% of school
students, largely due to lack of mentorship and time constraints.

The findings call for targeted policy changes in higher education to overcome structural barriers impacting STEM
project performance. Key recommendations include reducing academic overload through interdisciplinary projects,
strengthening mentorship to mirror school-level support, offering financial aid for students with part-time jobs, and
promoting stress management via flexible deadlines and mental health services. These measures aim to foster an
environment where students can effectively apply their technical skills to real-world challenges, enhancing overall STEM

learning outcomes.
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The Application and Effectiveness of Educational Robotics in Elementary
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Abstract: This study explores how educational robotics enhances elementary students’ computational thinking, problem-
solving skills, and technological humanistic literacy. A total of 23 sixth-grade students participated in a seven-week Kebbi
Air robot programming course. A computational thinking competency test and a problem-solving self-assessment
questionnaire were used for quantitative analysis, and student interviews were conducted to examine their perspectives
on technological humanistic literacy. The results indicated significant improvements in students’ understanding and
application of computational thinking concepts, particularly in conditional logic and iteration structures. In problem-
solving, the "testing, evaluation, and improvement" dimension showed the most notable progress. Interview findings
revealed that students were not only interested in robotics technology but also considered its societal implications. This
study validates the potential of educational robotics as a medium for programming education and a catalyst for fostering

students’ awareness of technology s societal impact.

Keywords: Elementary Programming Education; Educational Robotics; Computational Thinking; Technological

Humanistic Literacy
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Abstract: In the digital age, computational thinking (CT) is increasingly essential, yet existing assessment tools, especially
for interdisciplinary CT skills, remain inadequate, limiting integration into school curricula. This study addressed the
issue by designing an instructional activity for fifth-grade students, combining the VILLE online platform with Bebras
tasks, which embed CT concepts through real-world scenarios and offer personalized practice with real-time feedback.
Results showed strong student performance, with an average accuracy of 94.98%, though slightly lower on tree-structured
problems. The integration effectively enhanced computational problem-solving, particularly in "Little House," "Teeth,"
and "Beaver" tasks. This study provides preliminary evidence of the feasibility and effectiveness of using VILLE and
Bebras tasks in elementary CT education, highlighting their potential for assessing and improving CT skills. Future

research should expand the sample and explore the influence of different question types on CT development.

Keywords: Computational Thinking, Bebras Challenge, Online Learning Platform

1. Introduction

In today's digital society, computational thinking (CT) has become a vital 21st-century skill (Lai & Wong, 2022).
With computational methods widely applied across disciplines, integrating CT into school curricula is essential (Lodi &
Martini, 2021). Studies have highlighted programming as an effective tool to develop CT by enhancing students' cognitive
abilities (Lai & Wong, 2022). Even unplugged programming activities can improve CT skills (Dag et al., 2023).

However, CT assessment tools remain insufficient (Guggemos et al., 2023), lacking effective measures to accurately
evaluate students’ CT abilities, which hinders curriculum integration (Chan et al., 2021). To address this, digital tools,
games, and programming languages combined with formative or summative assessments offer more comprehensive
evaluations (Chan et al., 2023). Yet, challenges persist, as many assessments focus narrowly on computer science,
overlooking interdisciplinary needs (Lu et al., 2022; Chan et al., 2021).

Bebras Computational Thinking Challenge tasks provide a promising interdisciplinary assessment method by
embedding real-life contexts and diverse question formats, fostering both CT skills and learning motivation (Lonati, 2020).
Online platforms further enhance Bebras tasks through flexibility, personalized practice, real-time data collection, and
immediate feedback (Hooshyar et al., 2021).

This study addresses CT assessment challenges by integrating Bebras tasks into the ViLLE online platform, offering
personalized practice and real-time feedback. As preliminary research, it explores the feasibility of this approach for
elementary CT education. Focusing on fifth-grade students, the study analyzes their Bebras task performance within

VIiLLE, using platform data to understand student interactions and problem-solving behavior.

2. Literature Review
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2.1. Methods for Assessing Computational Thinking

The primary goal of CT assessment is to evaluate individuals' ability to apply computational concepts and problem-
solving strategies, with methods rapidly evolving (Lu et al., 2022). Research has developed various approaches, such as
CT tests for proficiency (Chan et al., 2021) and combining performance-based tests with self-assessment scales for
comprehensive evaluation (Guggemos et al., 2023), where self-assessments offer metacognitive insights (Jiang & Li,
2021). While multi-method assessments enhance understanding of CT abilities, challenges remain—most tools still focus
on computer science with limited interdisciplinary applicability (Lu et al., 2022; Chan et al., 2021). To address this,
Bebras Computational Thinking Challenge tasks offer a solution by embedding real-world scenarios and diverse question
formats to assess problem-solving skills while boosting learning motivation (Lonati, 2020).

2.2. Bebras Computational Thinking Challenge Tasks

Bebras tasks are unplugged activities designed to develop CT skills by engaging students with informatics concepts
through small problem-solving tasks that embed fundamental computer science principles, without requiring computers
(Lonati, 2020; Kalelioglu et al., 2022). Widely adopted in education, they have been used in countries like Turkey to
assess CT across age groups and integrated into teacher training to promote CT instruction (Kalelioglu et al., 2022; Lonati,
2020). Studies confirm their effectiveness in enhancing specific CT skills and evaluating problem-solving proficiency
through student responses (Zapata-Caceres et al., 2024; Kwon et al., 2021). However, limitations remain, such as the need
to improve assessments across age groups, task types, and CT dimensions, as well as challenges teachers face in
understanding and applying these tasks in daily teaching (Kalelioglu et al., 2022; Lonati, 2020). Online platforms can
address these issues by providing flexible, adaptive practice, real-time data collection, and personalized feedback to
support student progress and targeted improvement.

3. Research Method

3.1. Research Design

This study adopted a data analysis approach to examine students' performance on Bebras Computational Thinking
Challenge tasks (Bebras tasks) after participating in computational thinking (CT) instructional activities incorporating the
VILLE online learning platform. The study was conducted in a formal classroom setting, where the primary objective of
the instructional activities was to enhance students’ CT skills. The participants included five fifth-grade elementary school
students (aged 11). The instructional activities spanned two weeks, with one session per week, each lasting 80 minutes.

For data analysis, students' performance on Bebras tasks within the ViLLE platform was examined post-instruction
to assess their CT proficiency. The collected research data consisted of students' scores on Bebras tasks, which were

obtained via the teacher’s account backend on the VIiLLE platform.
3.2. Research Instruments

This study utilized the ViLLE educational platform, a web-based multi-functional learning platform developed by
the University of Turku, Finland. VILLE offers various features, including practice exercises, learning analytics, and
gamification modules.For this study’s instructional activities, two primary modules of the ViLLE platform were
employed:Practice Module and Learning Analytics Module. This study used Bebras tasks from the 20242025 cycle to
evaluate students’ CT abilities, integrating real-world scenarios to boost learning motivation and encourage CT
application. A total of 41 tasks covering six themes were selected, with difficulty levels tailored to fifth-grade cognitive
development for effective CT assessment. The tasks were designed to incorporate core CT components such as sequencing,

selection, iteration, pattern recognition, algorithmic design, and logical reasoning.
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3.3. Research Procedure

The instructional activities were conducted twice during regular class sessions, with each session lasting 80 minutes.
The primary objective of the instructional activities was to enhance the computational thinking (CT) skills of fifth-grade
students. The overall instructional process was structured as follows:

e CT Concept Explanation (20 minutes): At the beginning of each session, the teacher introduced fundamental CT

concepts and their importance to the students.

e Bebras Task Practice (60 minutes): After the conceptual explanation, students engaged in hands-on practice by

solving Bebras tasks on the ViLLE platform, guided by the teacher.

4. Research Results

4.1. Analysis of Bebras Task Performance — Overall Performance

To evaluate students' overall performance on Bebras tasks, their responses across all tasks were analyzed. Table 1
presents the descriptive statistics of students' overall performance. The results indicate that students achieved an average
accuracy rate of 94.98%, with an average response time of 541.70 seconds. These findings suggest that students performed
exceptionally well during Bebras task practice.

Table 1. Descriptive Statistics of Students’ Overall Performance on Bebras Tasks.

Indicator Mean Standard Deviation
Average Accuracy Rate 94.98% 8.71%
Average Response Time 541.7 sec 362.77 sec

4.2. Analysis of Bebras Task Performance — Performance Across Different Task Types

To further examine the impact of different Bebras task types on students' performance, this section compares students'
average accuracy rates and average response times across different task themes (Tree, Dam, Little House, Teeth, Tail,
and Beaver). Table 2 presents students' performance across these task types.

Table 2. Students’ Performance Across Different Bebras Task Types.

Task Type Average Accuracy Rate Average Response Time
Tree 77.25% 489.40 sec
Dam 96.51% 318.80 sec
Little House 100.00% 309.20 sec
Teeth 100.00% 568.80 sec
Tail 96.14% 802.20 sec
Beaver 100.00% 761.80 sec

Students demonstrated high accuracy across most task types, with Little House, Teeth, and Beaver tasks reaching
100%, showing strong mastery. Dam and Tail tasks also performed well, with accuracy rates of 96.51% and 96.14%. In

contrast, the Tree task had a lower accuracy rate of 77.25%, suggesting it was more challenging for students.
5. Discussion and Conclusion

This study investigated fifth-grade students' performance on Bebras Computational Thinking Challenge tasks (Bebras
tasks) after integrating the ViLLE online learning platform into CT instruction. With an overall average accuracy rate of
94.98%, the results suggest that practicing Bebras tasks through ViLLE effectively enhanced students' problem-solving

abilities.Several factors may explain this strong performance. Bebras tasks embed CT concepts into real-life scenarios,
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making them more engaging than traditional abstract exercises (Lonati, 2020). Additionally, ViLLE’s real-time feedback
allowed students to promptly identify and correct misconceptions, fostering continuous improvement. Prior research
supports the effectiveness of unplugged activities in developing CT skills (Dag et al., 2023) and highlights the benefits of
immediate feedback in online learning environments (Hooshyar et al., 2021). The combination of these features likely
created an optimal environment for CT development.

However, consistent with previous findings on task difficulty variation (Kalelioglu et al., 2022), students showed
lower accuracy on Tree tasks (77.25%), indicating challenges with specific CT concepts. In contrast, perfect scores in
Little House, Teeth, and Beaver tasks suggest these were well-aligned with students' cognitive levels or effectively
reinforced through instruction. This highlights the potential of ViLLE and Bebras tasks in strengthening areas such as
iteration and algorithm design, aligning with Zapata-Caceres et al. (2024), who emphasized Bebras’ role in fostering CT
competencies.
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Abstract: This research explores the use of Computational Thinking skills in the process of learning a foreign language.
We studied it in the context of new immigrants in Israel learning and using Hebrew. A qualitative approach was developed,
and semi-structured interviews and think-aloud tasks were administered with 14 adult immigrants from diverse

backgrounds. Findings demonstrate the prominence of Abstraction, Algorithms, and Debugging in the process.

Keywords: Computational Thinking, Second Language Acquisition, Immigrant Education

1. Introduction

Second Language Acquisition (SLA) research examines the cognitive and social process of learning an additional
language—aka second language (L2)—other than the mother tongue (Ellis, 1999; Kanwal et al., 2022). SLA is relevant
in the case of immigrants, specially as there has been an increased migration pattern worldwide with an updated total
estimated of over 280 million people that were living in a country different from the one where they were born
(International Organization for Migration, 2024). Of these, 169 million of them (over 60%) were labor migrants; although
labor migrants show high labor participation rates, it is highlighted that the rates have declined in the last decade, due to
several factors, including insufficient language proficiency.

Learning a second language is the acquisition of a new mental representation used by others to communicate (Keating,
2016). That is, a new language is basically a new system to be added to the known structures. Therefore, it is important
to investigate the cognitive mechanisms that support SLA and which often include domain-general skills that are also
used in other areas of learning are employed.

Recently, there has been increased efforts to combine computational thinking (CT) beyond STEM disciplines.
Researchers have explored its potential to support various learning processes, as CT skills can relate to problem-solving
in every discipline, including language-related contexts (Bounou et al., 2023; Hsu et al., 2022; Yu et al., 2024). Research
suggests that CT skills such as Decomposition, Pattern Recognition, and Debugging are actively used by second language
learners (Liang, 2022; Sabitzer et al., 2018), which highlights the potential of integrating CT skills into language teaching
to enhance language acquisition processes. Still, a deeper exploration of the CT skills used during SLA is needed, which
is the gap that we bridge in this paper. The purpose of this research is to investigating how strategies that are used in

learning a second language, specifically in the case of adult new immigrants, are related to CT skills.

2. Methodology

Population. The study focused on adult immigrants in Israel who have learned or are learning Hebrew as a second
language in Israel. A total of 14 participants, aged 24 to 65, were selected based on their diverse linguistic, cultural
backgrounds, different fields of occupation and methods of study. They were immigrants from Argentina, Brazil, Canada,
Germany, Mexico, Russia, and USA, all had immigrated within the last five years and were at different proficiency levels

in Hebrew.
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Tools. A qualitative approach was employed, utilizing semi-structured interviews and think-aloud tasks. Immigrants
L1 of which was English, Portuguese, or Spanish (12 of 14) were interviewed in these languages; otherwise, they were
interviewed in English. The interview protocol was designed to extract insights into participants' thought processes while
interacting with the Hebrew language and allow them to reflect on their learning process after immigration. Task-based
activities were included to assess the application of the CT facets. Participants were asked to verbalize their thought
process while performing tasks such as sentence structuring, error correction, and translation exercises.

Analysis. The unit of analysis was an interviewee’s statement. Interview transcripts were coded with CT facets and
skills (Shute et al., 2017), following the directed method (Hsieh & Shannon, 2005). A single statement could have been
coded to multiple CT skills. Same-code statements were then aggregated to higher-level themes, in an iterative process
that included both authors.

3. Findings

Overall, 571 statements related to CT were extracted from the interviews, ranging between 27-59 per participant
(M=40.8, SD=10.7). We report here on the most prominent CT facets that can be linked to strategies used by participants.

3.1. Abstraction

Abstraction was by far the most prominent CT facet coded, related to about three-quarters of the statements.

Data Collection and Analysis. Participants analyzed the context to infer the meaning of new words, by finding other
known words in the sentence. For example, Participant 1 mentioned scanning signs in the street to extract information
without using an online translator. Another participant used the same skill when checking their emails in Hebrew: “[1]
just scan it to understand the main words, to get ‘okay, this is the meaning’” (P3). Participants used various contextual
elements, e.g., “the other parts of the sentence and people's facial responses and emotions” (P6).

Pattern Recognition. In Hebrew, recognizing the morphology of a word, being its root or its structure, can be critical
to understanding its meaning. Reading in Hebrew allows learners to access data linked to the letters used in the words
and visualize the format, and listening provides vowel sounds, which can also help identify patterns: “I will at least try to
see the roots of the word.” (P12), “There are ways that you can try to understand. If certain letters are together, if you can
pull the root from it or things of that nature” (P6).

Modeling. Modeling appears to be a fundamental strategy used by learners to express themselves in Hebrew.
Participants reported using known verbs as models to conjugate unfamiliar verbs, relying on similarities in structure or
sound. Participant 1 exemplifies: "I go by my models. That for each ‘binyan’ [linguistic structure] there is a model verb.
And then, according to the time tense | want to conjugate, | follow the process.". Participant 4 explains that her modeling
process is guided by the sonority when using a new verb: “I just say what sounds better in my head, I've been here four
years. | think | kind of have a little bit of the ear you need to identify those concept kinds of things”. Some participants
mentally visualize conjugation verb tables to help them conjugate verbs correctly: "I think about what's the time that |
need to say it, and then | remember, | actually can visualize how, for example, in the future, it's the letter Alef in the

beginning” (P2).
3.2. Debugging

The Debugging facet was related to about a quarter of the statements. Participants reported frequently identifying
their own mistakes and experiencing self-doubt when encountering errors. For example, Participant 2 said: “Sometimes
when I read texts that I wrote in Hebrew for the second time then I can find mistakes that I made”. Participant 1 corrected
her pronunciation when reading during the interview, after continuing the sentence and only then understanding the

correct pronunciation. Participants also were able to identify errors in others’ use of Hebrew, especially other L2 speakers.
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Participant 3 mentioned identifying “usual” mistakes, such as not conjugating a verb and saying it in the infinitive form
in a sentence. Participant 4, when asked about recognizing mistakes, replied “sometimes when I hear people I do [identify
mistakes] when it's the gender wrong or something like | pay attention to it, or when they conjugate wrong in future”.
Participants also found mistakes after automated translations. For example, Participant 4 uses an online translator to
understand messages and often must go back to the original message to understand the meaning, as the translator does
not work correctly; Participant 10 also related to this: “If some things are not making sense, sometimes I can even tell

what it thought I meant and why it translated it wrong”.
3.3. Algorithms

The Algorithms facet was related to about 20% of the statements. Participants employed systematic approaches for
expressing themselves in Hebrew. They reported structuring their thoughts and ideas before writing them. Many follow
a mental algorithm for conjugating verbs, considering various steps in a specific order. Participant 7 said to follow steps
in conjugating, especially in his first years in Israel, by first recognizing the structure the verb belongs to and then applying
the format. Participant 10 reported asking herself questions to know which steps to follow: "I guess the process is like,
"What tense do I need? Which person do I need to talk about?' And then formula”.

4. Discussion

The aim of the current study was to investigate how CT skills relate to strategies used while learning a second
language, specifically in the case of new immigrants in Israel learning Hebrew. Of the six main facets described by Shute
et al. (2017), the three most prominent were Abstraction, Debugging, and Algorithms; the facets that were only little
related were Decomposition, Iteration, and Generalization. This points out to where CT is important in SLA, and
highlights areas where the integration of CT into SLA could be further studied. By intentionally integrating CT into
language teaching, educators and learners can benefit from a more effective learning environment, leading to language
proficiency and higher sociocultural integration.

The Abstraction facet was the most prominent. This coincides with the idea supported by Aho (2012) that this facet
is at the heart of CT. Participants heavily relied on their ability to analyze language data, identify patterns, and create
mental models, to navigate the complexities of Hebrew as L2. We also note that Debugging is a crucial skill in L2 learning,
which aligns with the importance of error analysis in language acquisition, as the mistakes learners identified enable the
understanding of their mental grammar system (Gass & Selinker, 2008). In the field of CT, this finding connects to Aho’s
(2012) idea that as systems become more intricate, often we discover that our model does not reach a solution, and one
needs to research and create new models for the system. This is parallel to the process of mental grammar, as the learner
is constantly acquiring more information and adjusting it to the system of the language being learned. Although less
frequent, we found that the Algorithm facet was also employed during perception and expression of L2, particularly in
important or complex cases. Learners apply systematic methods when processing and producing language to reach the
ideal expression, in accordance with the study on students’ engagement with algorithms, as noted by Jacob and
Warschauer (2018).

The CT framework used here (Shute et al., 2017) was suitable due to it being context-independent and
comprehensive, thus allowing the study of problem-solving in the context of SLA; recently, it was used to study music
learning (Regev Cohen et al., 2025), and its usefulness should be further studied.
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Abstract: Although scholarly investigation of computational thinking (CT) has permeated into early childhood level over
recent years, little is known regarding what early CT means from an interdisciplinary perspective and how it can be
incorporated into early childhood settings through mathematics. To fill the gap, we integrate CT into six mathematical
problem-solving lessons guided by embodiment design principles, and this study reports on findings regarding how
algorithmic thinking, a foundational element of CT, is manifested in and supported by embodied cognition among 5- to
6-year-old children as they engaged in such activities with a programmable robot. Findings highlight different strategies
young children adopted when developing algorithmic thinking, varying in levels of planning, predicting, and embodied

interaction with the physical environment. Implications for integrating CT into early childhood education are discussed.

Keywords: Computational thinking, Programming, Mathematics Education, Early childhood, Embodied cognition

1. Introduction

Computational thinking (CT) has gained wide recognition as an integral set of thinking skills applicable in problem-
solving situations beyond computer science, necessitating everyone to grasp it from a young age to accommodate the
increasingly computational world (Grover & Pea, 2013). Taking the domain general view of CT, researchers have
explored the teaching and learning of CT by situating it into different subjects, with the aim of not only enriching our
conceptual understanding of the interdisciplinary nature of CT but also informing steps to be taken for incorporating the
essential thinking skills into K-12 education, such as in science, technology, engineering, mathematics, and the arts
(Zhang et al., 2023). This integrated approach has also shown promise in alleviating the practical challenges if CT is
taught through a newly standalone subject (Lee et al., 2020). Recently, studies on the CT integration into mathematics
education have gained much insight into, for instance, the definition and operationalisation of CT in K-12 mathematical
contexts (Weintrop et al., 2016), the complex interplay between the learning of CT and mathematics (Cui & Ng, 2021),
and the cognitive mechanism between computational and mathematical thinking (Gerosa et al., 2021). However, the line
of scholarly endeavour focusing on the early childhood level still remains obscure, considering young children’s unique
ways of thinking, learning, and expressing themselves among older students (Zeng et al., 2023). To fill the gap, this study
set out to explore how early CT can be developed in programming-based mathematical contexts with a particular focus
on number and arithmetic.

Algorithmic thinking (AT) is central—among all the other CT skills—when developing sequential and logical steps
to be followed in solving a problem, and it has drawn increasing attention over the years (Clarke-Midura et al., 2021;
Wong et al., 2024). According to a recent systematic review exploring the interplay between early CT and mathematics
education (Zhang & Wong, 2024), AT is shown to be the predominant CT component intersecting widely with early
mathematical concepts in numeracy, geometry, and measurement. For instance, when devising step-by-step solutions for
a programmable robot moving toward a desired destination, young children need to determine whether the robot should

move in the direction it is currently facing or rotate left or right, the distance from the current position to the next stop,

137



Kong, S. C.,, Hsu, T. C., & Zhao, J. H. (Eds.). (2025). Proceedings of the 9th International Conference on
Computational Thinking and STEM Education. Hong Kong: The Asia-Pacific Society for Computers in Education.

as well as the number of steps needed in between (Berson et al., 2023; Welch et al., 2022). As such, the young CT learners
are provided with opportunities to develop, exercise, and reinforce mathematical knowledge and skills throughout their
CT engagement. In this study, we take AT as the foci of our attention and aim to shed light on what strategies young
children employ in their development of AT. We posed the following research questions to guide this study: What are the
AT strategies young children demonstrate when engaged in CT-based mathematical problem-solving activities with Bee-
bot, and how do these strategies emerge during the process?

2. Method

As an initial stage of a larger project aimed at seamlessly integrating CT into early number and arithmetic learning
with different programming tools (e.g., Beebot, ScratchJr), the first author conducted six 1-hour lessons with 20 children
aged 5-6 in a Chinese kindergarten over six weeks during children’s free play time. Participants were divided into 2
groups of 10 children, one using Beebot (an educational floor robot) and another with ScratchJr (a graphic programming
application on iPad). The sessions were conducted with one pair of students each time, resulting in ten sessions each week.
At each session, the pair of students was engaged in programming-based mathematical activities concerning number sense
and basic arithmetic, such as counting, number comparison, addition, and subtraction. During the sessions, the researcher
encouraged the pair of students to collaborate with each other and probed into their thinking process with questions, such
as “How did you know that?”” and “Why did you do that?”. Data collection was conducted upon obtaining ethical approval
from the authors’ institution and informed consent from the participants’ parents and the kindergarten principal.

The teaching sessions intentionally integrate four CT elements (i.e., algorithms, events, loops, and conditionals) into
the six number and arithmetic lessons, and this present study reports on those sessions with Beebot. A map with 6 x 10
15*15 cm grids was prepared for children to program the Beebot to move. The lesson design follows Kotsopoulos et al.’s
(2017) CT pedagogical framework consisting of (1) unplugged, (2) tinkering, (3) making, and (4) remixing, and we also
employed the embodiment design principle (Abrahamson & Lindgren, 2022), especially in the first stage of unplugged,
when introducing abstract CT elements to young learners at the first time. Pens and pencils were provided to children to
support reasoning or express their thinking. All sessions were video recorded from different angles with several cameras.

The first author reviewed and transcribed the video data, including both verbal and nonverbal interactions (e.g.,
gestures and bodily movement) between the pair-learners and the researcher on a qualitative analysis software, MAXQDA.
A multimodal discourse analysis was conducted to first capture representative episodes that characterise young children’s
AT demonstrated during the sessions and then draw connections among those episodes (Wortham & Reyes, 2020).
Iterative refinement was performed through multiple rounds of data review, with codes adjusted to ensure alignment with
emerging themes. The analysis is grounded in the embodied cognition perspective (e.g., Barsalou, 2008) to examine how
young children’s AT is manifested through and supported by their embodied actions. Children’s drawings and the

researcher’s field notes served as supplements for triangulating the findings.
3. Findings

We identified two types of AT strategies, which will be elaborated on in this section: (1) step-by-step execution with
immediate feedback from the Beebot’s movement and (2) Multiple-code execution with delayed feedback. These

strategies involve different levels of planning, predicting, and embodied interaction with the physical environment.
3.1. Step-by-step execution

In the initial phase of the lessons, where most of the children were introduced to the programmable robot for the first
time, we observed their reliance on a step-by-step execution strategy. Specifically, children tended to input one command
at a time, monitoring the robot's response before proceeding with the next instruction. This reflects a trial-and-error

approach to algorithm construction, whereby children incrementally develop their algorithms by relying on immediate

138



Kong, S. C.,, Hsu, T. C., & Zhao, J. H. (Eds.). (2025). Proceedings of the 9th International Conference on
Computational Thinking and STEM Education. Hong Kong: The Asia-Pacific Society for Computers in Education.

feedback from the Bee-bot to evaluate their current input and guide subsequent actions. This AT strategy is explorative
in nature and may be attributed both to the ongoing development of young children’s working memory and to the design

features of the Bee-bot, which lacks an interface for visualising, tracking, or refining planned computational solutions.
3.2. Multiple-code execution

While novice learners initially adopted a step-by-step execution strategy for iterative AT development, a more
sophisticated approach gradually emerged over the course of the interviews: children began programming the robot by
inputting multiple commands at once before receiving feedback from the Bee-bot’s actions. As they progressed toward
this more complex strategy, we identified three distinct ways through which children supported their thinking process,
each reflecting different levels of embodiment: (1) physically moving the robot step-by-step to simulate each command,
(2) inputting code with one hand while tracing the expected movement on the mat with the other hand, (3) using pointing
gestures in the air to simulate the movement, and (4) mentally simulating the movement without physical actions.

Inputting multiple commands before pressing the “Go” button on the robot requires children to operate with delayed
feedback from the Bee-bot, where children were observed to leverage their whole body as cognitive resource in
anticipating the Beebot’s subsequent movements, either by manually relocating the robot or by using one hand to simulate
how the robot will move on the grid. For the former, to illustrate, Yanni initially relied on a step-by-step execution strategy
with immediate feedback during the first three sessions. However, in the fourth session, he spontaneously devised a new
strategy: before inputting each command, he would first lift the Beebot and physically place it in a position which he
intended the robot to move towards. Upon this embodied simulation, he would then press the directional button matching
the movement he had just enacted. By repeating the simulating-coding process, Yanni was able to mitigate the cognitive
load on his working memory arising from the Beebot’s design feature. It is noteworthy that after observing Yanni’s
approach, his peer, Zack, adopted the same strategy in his subsequent programming practices. For the other form of
embodied strategy in children’s algorithm construction processes, for instance, Ken employed a reverse coding-simulating
approach, where he input each command with one hand, followed by stretching his body to trace the Beebot’s intended
path on the grid with another hand. In addition to the highly kinaesthetic strategies, such as physically relocating the robot
or manually predicting the routes, simulation was also completed by children’s use of pointing gestures in the air without
physical interaction with the robot, as demonstrated by Wesley. Furthermore, some children were able to input multiple
commands before execution without relying on any embodied simulation, either spontaneously (e.g., Ken) or following
encouragement from the researcher (e.g., Leo).

4. Discussion and Conclusion

This study investigates the strategies employed by young children, characterised by varying levels of embodiment,
to support their development of algorithmic thinking during six-week CT-integrated mathematical lessons using a floor
robot. The findings indicate that young children constructed algorithms through either step-by-step execution with
immediate feedback from the robot (trial-and-error based) or multiple-code execution with delayed feedback involving
more structured planning. In relation to the latter, four levels of embodied strategies were identified to facilitate their
thinking process: physically relocating the robot, tracing the intended path with the hand, simulating the path through
pointing gestures, and mentally envisioning the robot’s movement. The emergence of these AT strategies suggests that
early CT extends beyond abstract cognitive abilities requiring systematic and logical reasoning but is deeply rooted in
children’s embodied interaction with the environment, including the robot, peers, and the researcher. Future studies shall
further investigate the role of embodied cognition in the development of other CT elements and identify effective

pedagogical approaches to support this mode of thinking.
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A Study on Using Scratch Games to Deepen Students’ Understanding of

Sustainable Development

Wai Leung WONG
Ma On Shan Methodist Primary School, Hong Kong SAR
wlwong@mosmps.edu.hk

Abstract: This study investigates the effectiveness of an environmental education game designed using Scratch.
Through simulations of five geographical environments and real-time feedback mechanisms, sixth-grade students were
guided to understand the relationship between human activities and environmental changes. The research adopted a
blended learning approach, combining game-based experiences with classroom discussions across four thematic lessons.
Results indicate that gamified learning effectively enhanced students' environmental awareness and learning motivation,
promoting their understanding of sustainability issues.

Keywords: Environmental Education, Gamified Learning, Scratch, Sustainable Development,
Environmental Conservation
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Enhancing Students’ Computational Thinking and Creative Problem-Solving
Skills Through Al Technology and Environmental Concepts: A Case Study of

“Al Recycling Bin” Project for Grade 6 Students

Wai Lung MUNG?, Chi Yan WONG?*, Wai Lam CHU?
123Fung Kai No.1 Primary School, Hong Kong SAR
mungsir@fklps.edu.hk - astomwcy@fk1ps.edu.hk

Abstract: This study examines the effectiveness of an Artificial Intelligence (Al) curriculum in enhancing primary school
students' computational thinking abilities. The research, conducted with 52 sixth-grade students in Hong Kong, involved
a 6-hour curriculum structured into four comprehensive units. Using the Six-step STEM methodology integrated with
self-directed learning elements, the curriculum focused on three dimensions: knowledge of Al capabilities and limitations,
development of ethical Al usage attitudes, and mastery of technical skills including HuskyLens applications and
MakeCode programming. Through pre-test and post-test questionnaires, results revealed statistically significant
improvements (p<0.05) in students’ computational thinking abilities, particularly in problem decomposition skills,
demonstrating the curriculum's effectiveness in developing both computational thinking and Al literacy.

Keywords: Al Literacy, Self-Directed Learning, Six-step STEM Pedagogy, Computational Thinking, STEAM Education
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Enhancing Travel Graph Concept Learning with Computational Thinking

Tsz-Wai YUEN
Chinese Y.M.C.A. Primary School, Hong Kong SAR
ytw@cymecaps.edu.hk

Abstract: This study explores the feasibility of integrating computational thinking into mathematics education through
hands-on activities and programming simulations. By engaging in practical experiences, students learn mathematical
graph concepts through a "learning by doing" approach. The study examines how programming a dice-rolling board
game can help students understand key travel graph concepts such as direction, distance, and elapsed time. Through
coding-based simulations and graphical representations, students transition from concrete activities to abstract travel
graphs. This approach demonstrates the potential of incorporating computational thinking into mathematics lessons to
enhance students' understanding of graphical data and mathematical reasoning. This research is significant as it
highlights the value of computational thinking in fostering problem-solving skills and mathematical comprehension. By
bridging hands-on activities with digital simulations, the study provides an innovative way to improve students’

engagement and analytical skills, preparing them for future STEM learning.

Keywords: Computational Thinking, mathematics education, Travel Graph
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Exploring STEAM Education: A Curriculum on Clean Energy Powered Boats
Integrating Scientific Experiments, Artificial Intelligence Teaching, and

Computational Thinking Education

Wai Han CHEUK?®", Kam Yuen LAW 2", Lin Chun KWONG?*"
123The Education University of Hong Kong Jockey Club Primary School, Hong Kong SAR
law_sir@hotmail.com, whcheuk@edujcps.edu.hk, Ickwong@edujcps.edu.hk

Abstract: STEAM education is a teaching approach that integrates five disciplines: Science, Technology, Engineering,
Art, and Mathematics. It cultivates students' creativity, problem-solving skills, and teamwork spirit through
interdisciplinary learning and practice. STEAM education has long been regarded as essential for nurturing students'
innovative thinking and problem-solving abilities. This study aims to explore an innovative teaching curriculum that
combines scientific experiments, artificial intelligence education, and computational thinking education, centered around
the theme of clean energy powered boats. Through interdisciplinary learning and practice, the curriculum seeks to
stimulate students' interest and motivation in the STEAM fields, further enhance their skills in studying scientific
knowledge, and promote scientific literacy and innovation, thereby nurturing talent.

Keywords: STEAM Education; Scientific Experiments; Artificial Intelligence Teaching; Clean Energy Powered Boats;
Computational Thinking Education
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Interdisciplinary Integration of “Light Properties” and Programming
Instruction: A Teaching Practice for Cultivating Computational Thinking with

Scratch

Hon Wai MOK'", Wing Ting YUEN?"
12|slamic Primary School, Hong Kong SAR
mohw@islamps.edu.hk, yuwt@islamps.edu.hk

Abstract: This is an example illustrating a pedagogical practice for teaching the "Properties of Light" unit in General
Studies through the pedagogical approach of "to play, to think, and to code" . Fifth-grade students utilize Scratch s sprite
tools to simulate light rays projected onto virtual plane mirrors, observe the reflection direction of the light, and complete
game-based tasks. To address the unique learning needs of non-Chinese-speaking students, the lessons consistently adopt
a "learning by doing" approach. This hands-on methodology enables students to connect classroom knowledge through

active experimentation, fostering both innovative thinking and computational thinking skills.

Keywords: Computational Thinking, Scratch Programming, Learning by Doing, Interdisciplinary Teaching, Properties
of Light
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Interdisciplinary Project-Based Learning Curriculum Design in Information

Technology—A Case Study of “Chasing Light, Youth”

Xi ZHANG!, Yiying ZHANG?
1Beijing Normal University,China/Beijing
ZLongteng School of Longhua District, China/Shenzhen
870553925@qq.com,zhangyy51@qqg.com

Abstract: Against the backdrop of the Fourth Industrial Revolution, the rapid development of technologies such as
artificial intelligence (AI) has raised new demands for interdisciplinary talent cultivation in the education system. This
paper takes the "Chasing Light, Youth" project as an example to explore the design of an interdisciplinary information
technology project based on the "learning progression" concept. Through a three-phase curriculum—"Light-Chasing
Voyage," "Light-Chasing Growth," and "Light-Chasing Transcendence"—systematic and coherent learning modules
replace traditional fragmented activities, integrating on-campus and off-campus resources with multidisciplinary
knowledge to cultivate students' scientific literacy, innovative capabilities, and practical skills. This design aims to provide

a curricular pathway for future educational reform.

Keywords: Interdisciplinary learning, Learning progression design, Project-based learning, Information technology
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Pedagogical Reflections on Computational Thinking:
Using Programming and Computational Thinking to Enhance Students' Cross-

Border Learning Effectiveness

Man Sing HSU*, Mau Fai WONG?
12 King's College Old Boys' Association Primary School No. 2, Hong Kong SAR
mshsu@kcobaps2.edu.hk - mfwong@kcobaps2.edu.hk

Abstract: This paper illustrates how 6 primary students applied computational thinking to design an application called
"Cross-Border Learning Diary" to address the shortcomings of traditional paper-based learning booklets used in cross-
border learning activities. Through interviews and needs analysis, the students identified essential features for the
application, such as multimedia recording, Al-powered real-time Q&A and translation, and interactive educational games,
aiming to enhance the efficiency and experience of cross-border learning. During the design process, the students
incorporated core computational thinking principles and underwent iterative testing and optimization, including
simplifying operational workflows and improving the user interface design to address issues raised by test users. This
project not only enabled the students to grasp the fundamental concepts of computational thinking but also fostered their
digital creativity, problem-solving skills, and collaborative spirit. The paper highlights the value of computational
thinking education - empowering students to grow through practice, collaboration, and innovation, and laying the

foundation for them to become digitally skilled problem-solvers.

Keywords: Primary Student, Computational thinking, Cross-Border Learning, Artificial Intelligence (AI), Digital
Creativity
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Presenting Coding Through Problem Solving and Logical Thinking Model

Implementing Coding Education in KS1

Yan-Wai-Wind HO *, Yuen-Ching YUNG
Tsuen Wan Catholic Primary School, Hong Kong SAR
hoyw@twcps.edu.hk, yungyc@twceps.edu.hk

Abstract: While programming education has been widely implemented in primary schools, significant pedagogical
challenges persist in introducing coding education to KS1. This study proposes an interdisciplinary pedagogical
framework integrating mathematics and coding education, aiming to concrete abstract programming concepts through
problem solving skills. Focusing on the "four-digit number™ unit in primary 2, we designed a gamified instructional
module utilizing Scratch-based visual programming platforms and developed systematic learning worksheets grounded
in problem solving. The project aims to lead students to understand computational thinking through problem solving.
This research contributes both practically through replicable curriculum prototypes and theoretically by proposing an
"Early-stage Programming Literacy Development Framework," emphasizing the necessity of concept concretization and
disciplinary anchoring for young learners. The findings provide empirical evidence for cross-domain instructional design
and suggest new pathways for cultivating computational thinking in lower primary education.

Keywords: problem solving, computational thinking, coding education, logical thinking, Key Stage 1
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The Application of Computational Skills to Grant Proposal Writing

Yin Ling CHEUNG
Nanyang Technological University, Singapore
yinling.cheung@nie.edu.sg

Abstract: Computational thinking skills are crucial to academic success. The bulk of the literature produced so far has
done little in informing us how computational thinking skills impact academic writing activities, particularly occluded
genre such as grant proposals. The identified research gap needs to be addressed because the application of
computational thinking skills to academic writing is important in helping us understand how computational thinking skills
impact thinking processes and therefore the quality of writing. This proposed study explores the integration of
computational thinking into grant proposal writing within higher education, targeting graduate students and novice
researchers who aspire to get teaching development grants. In my presentation, using my own award-winning proposal
as an example, I will delineate a step-by-step approach adopting the core elements of computational thinking, including
decomposition, generalization, abstraction, algorithmic thinking, and evaluation. These principles can be effectively
applied to enhance the grant writing process. The findings may contribute to the broader discourse on computational
thinking in academic writing in higher education. Ultimately, this research seeks to bridge the gap in the literature
concerning the application of computational thinking in grant writing, providing actional insights for researchers and

enhancing learning outcomes in the university setting.

Keywords: computational thinking, writing, research proposal, higher education

1. Introduction

Computational thinking is defined as the ability to “solve problems, develop systems, and comprehend human
behavior by applying the core principles of computer science” (Wing, 2006). Computational thinking has been applied in
many fields including academic writing, which involves important problem-solving elements. Selby and Woollard (2013)
suggested that five important components are embedded in computational thinking, namely decomposition, generalization,
abstraction, algorithm thinking, and evaluation. Decomposition refers to a person’s ability to break down problems.
Generalization is about one’s ability to apply a solution to comparable problems. Abstraction refers to one’s ability to see
the big picture. Algorithm thinking is about one’s propensity to solve problems in a step-by-step way. Evaluation is about
one’s ability to analyze problems and solutions. In what follows, I will use my own research proposal titled “Integrating
automated feedback and goal-setting to improve speaking skills in a graduate course” that was recently awarded funding
as an example. I will describe and explain how computational thinking was applied during the grant proposal writing
process. This is an important gap in the literature because few studies examined the application of computational thinking

to grant proposal writing, which is an occluded genre.
2. Theoretical Framework

The activity theory that Leont’ev (1981) proposed is clear to show how individuals act to achieve the motive in different
conditions. However, ironically, despite his emphasis on the social relation of individuals, it is ambiguous to show the
relationship between individual subject and his/her social community (Engestrom, 1999). The history that the subject had,
the rules and roles that the subject are engaged, the community that they are affiliated are not visible (Swain, Kinnear, &

Steinman, 2015). Thus, Engestrém (1987) made an attempt to visually express relationship between individuals and social
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that Leont’ev had failed. Vygotsky (1978) and Leont’ev (1981) illustrated triadic representation of actions with subject,
object and mediating artefacts. Engestrom (1987, 1999) suggested a complex model of an activity system to consider not
only the three main components that Vygotsky (1978) and Leont’ev (1981) suggested, but also rules, community and
division of labour. In my proposed study, the subject refers to teachers and students. The object refers to the grant proposal
(final product). Mediating artefacts refer to the components of computational thinking skills. The community is about the
university environment. Rules are about the correct application of computational thinking skills to proposal writing.
Division of labour refers to students writing the proposals, and reviewers giving the feedback on the proposals.

3. Methodology

The study will be conducted at a university in Singapore. Master and PhD students will be recruited. These students will
provide written consent for their participation in the study. Data will not be collected without written consent. In terms of
measurement, first, | will adopt a writing strategy survey developed by Petric and Czarl (2003). The survey contains 38
items testing the conscious actions and participants’ behaviours in improving their writing. Eight items are related to pre-
writing, 14 items are related to writing, and 16 items relating to revision of writing. Second, the computational thinking
scale (Tsai et al, 2021) will be administered. The scale comprises 19 items measuring 5 constructs: decomposition (3
questions), abstraction (4 questions), algorithmic thinking (4 questions), evaluation (4 questions) and generalisation (4
questions).

4. Implications for Future Research and Pedagogical Practice

In my presentation, | will illustrate how computational thinking skills can be integrated to proposal writing. One important
implication is that students and early career researchers will understand that computational thinking can encourage them
to become more cognizant in the language, structure, and organization of a grant proposal. They should break down
difficult problems to smaller parts, and then address them while writing a proposal.
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The Cultivation of STEM Literacy for the Secondary Students with a Stent

Bridge Model Project

On-chi SIU
Christian Alliance College, Hong Kong SAR
soc@cactm.edu.hk

Abstract: A class of secondary students experienced the whole learning process in STEM through design and make (E)
their own wooden stent bridge models with the concepts of structural mechanics, material sciences (S) and skills of
scaffolding (T). They then tested (M) the bridges with loadings and searched for improvement ideas with own observations,
and the discussion with teachers as well as their fellow classmates. The ideas would then be used and verified with the
reconstruction of paper- tube stent bridges. Students would self-reflect the effectiveness of the whole STEM learning
process with the self-evaluation questionnaire in STEM learning process to facilitate their applications in the other

learning scopes and continuous to cultivate their STEM literacies.

Keywords: STEM, STEM literacy, Self-directed learning, Learning by doing
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The Feasibility of Using Artificial Intelligence to Explore Ecological Balance in

Primary Education

Wai Leung WONG
Ma On Shan Methodist Primary School, Hong Kong SAR
wlwong@mosmps.edu.hk

Abstract: This article presents research cases from Ma On Shan Methodist Primary School on
integrating artificial intelligence tools into science education to study ecological balance. The
research demonstrates that machine learning and generative Al can effectively deepen students’
understanding of animal classification and ecosystems, increase engagement and learning outcomes,
while developing digital literacy and critical thinking. However, implementation challenges include
differences in student abilities, technical limitations, and time constraints. This study provides
important reference for educators seeking to incorporate Al into primary school science education.

Keywords: Artificial Intelligence in Education, Primary Science Education, Ecological Balance,
Machine Learning, Generative Artificial Intelligence (GenAl)
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The Fish Ball Game: Using Game-Based Constructivism to Address Lower
Elementary Students’ Confusion Between Multiplicand and Multiplier in

Mathematics

Ting Hin, CHAN", Ka Wai, LIU"
Fung Kai Liu Yun Sum Memorial School, Hong Kong SAR
kugitch@hotmail.com, liukw@fklys.edu.hk

Abstract: This study explores how a game designed based on constructivist learning theory can support Primary Two
students in understanding multiplication concepts, particularly in distinguishing the structural roles of the multiplicand
and the multiplier. Grounded in the principles of digital game-based learning, the study involved a digital teaching
experiment using The Fish Ball Game conducted in a Hong Kong primary school classroom. Employing a qualitative
case study approach, the research revealed that many students harbored misconceptions about the structure of
multiplication, and that their conceptual understanding did not always align with their academic performance. Through
scaffolded support, immediate feedback, and peer interaction within the game, students were able to revise their existing
cognitive schemas and achieve conceptual change. The findings underscore the significant value of digital tools in
constructivist mathematics education, particularly in addressing persistent structural misconceptions.

Keywords: Constructivist Learning, Scaffolding, Digital Game-Based Learning (DGBL), Multiplication Structure
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Turning Math Concepts Visible and Sound

Jessica Tsz Shan SO, Yee Nok CHOW™
Lingnan University Alumni Association (HK) Primary School, Hong Kong SAR
sts@luaaps.edu.hk, cyn@Iluaaps.edu.hk

Abstract: In the current educational environment, cross-curriculum is increasingly valued. The mathematics platform
Polypad not only provides electronic teaching aids for primary school mathematics, but also incorporates musical
elements into mathematical concepts - the area and perimeter of 2D-shapes, and even as numbers and number bars, can
all be represented by pitch, rhythm and melody. Through perimeter teaching activities, our school allows students to
interpret abstract mathematical concepts through music, providing students with a rich learning experience. This article
records the teaching design of our school's mathematics classroom, allowing students to make abstract mathematical
concepts visual and interesting through music; and in line with the purpose of "every child shine", a "Mathematics

Orchestra” was formed to allow students who like music and mathematics to show more outstanding creativity.

Keywords: mathematics, music, Polypad, cross-curricular, visualization
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Using Computational Thinking Education in Interdisciplinary Collaboration to
Cultivate Lifelong Learning in Students to Meet Future Needs: A Case Study of

the “Aqua Odyssey” Integrated Curriculum

Fong CHUY", Huihuan WU?%"
1:2Caritas Fanling Chan Chun Ha Secondary School, Hong Kong SAR
candicechul26@gmail.com - Kiss0765@yahoo.com

Abstract: This study explores how to cultivate the core literacy of middle school students through an interdisciplinary
integrated teaching model in the context of the Artificial Intelligence era. The viewpoint raised by Professor Lahani of
Harvard Business School deeply reveals the importance of cultivating unique human capabilities in the Al era. In an
exclusive interview, the Education University of Hong Kong FLASS interview of Professor Stephen Chiu mentioned the
4C core skills that are difficult to effectively cultivate in current generative Al - critical thinking, communication,
teamwork and creativity. The study designed and implemented an integrated curriculum that combines science and
computer subjects. By allowing students to transform scientific knowledge such as the physical changes of water and the
water cycle into interactive applications and use computational thinking to solve practical problems. This study provides
a practical reference for the innovative development of computational thinking education in the era of Artificial

Intelligence.

Keywords: 4C Skills; Computational Thinking; Interdisciplinary Teaching Model
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